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CONTRACT FOR SERVICES 
 
 
 
 THIS CONTRACT is made on __________________, 20___, by and between the CITY 
2)�/,1&2/1��³&LW\´���DQG�_________________________ (³&RQVXOWDQW�&RQWUDFWRU´�� 
 

WITNESSETH: 
 
 WHEREAS, the City [proposes][desires]____________________________ 
_____________________________________________________________________; 
 
 WHEREAS, the Consultant/Contractor has presented a proposal for such services to the 
City, dated ___________, 20__, attached hereto and incorporated herein as Exhibit A, and is 
duly licensed, quali fied and experienced to perform those services; 
 
 NOW, THEREFORE, the parties hereto mutually agree as follows: 
 
1. SCOPE OF SERVICES: 

A. Consultant/Contractor shall do all  work, attend all  meetings, produce all  reports 
and carry out all  activities necessary for the completion of the services described in Exhibit A 
�³6FRSH�RI�:RUN´��  7KLV�&RQWUDFW�DQG�LWV�H[KLELWV�VKDOO�EH�NQRZQ�DV�WKH�³&RQWUDFW�'RFXPHQWV�´��
Terms set forth in any Contract Document shall be deemed to be incorporated in all  Contract 
Documents as if set forth in full therein.  In the event of conflict between terms contained in 
these Contract Documents, the more specifi c term shall control.  If  any portion of the Contract 
Documents shall be in conflict with any other portion, provisions contained in the Contract shall  
govern over conflicting provisions contained in the exhibits to the Contract. 

B. Consultant/Contractor enters into this Contract as an independent contractor and 
not as an employee of the City.  The Consultant/Contractor shall have no power or authority by 
this Contract to bind the City in any respect.  Nothing in this Contract shall be construed to be 
inconsistent with this relationship or status.  Al l employees, agents, contractors or subcontractors 
hired or retained by the Consultant/Contractor are employees, agents, contractors or 
subcontractors of the Consultant/Contractor and not of the City.  The City shall not be obligated 
in any way to pay any wage claims or other claims made against Consultant/Contractor by any 
such employees, agents, contractors or subcontractors, or any other person resulting from 
performance of this Contract.   

C. The Consultant/Contractor agrees it has satisfied itself by its own investigation 
and research regarding the conditions affecting the work to be done and labor and materials 
needed, and that its decision to execute this Contract is based on such independent investigation 
and research. 

 
 
2. TERM OF CONTRACT:   
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A. The services of Consultant/Contractor are to commence upon [execution of this 
Contract by] OR [receipt of written notice to proceed from] the City, and shall be undertaken 
and completed in accordance with the Schedule of Performance, attached hereto and 
incorporated herein by this reference as Exhibit B. 

B. &RQVXOWDQW�&RQWUDFWRU¶V�IDLOXUH�to complete work in accordance with the Schedule 
of Performance may result in delayed compensation as described in Section X3X. 

C. The City Manager or his or her designee may, by written instrument signed by the 
Parties, extend the duration of this Contract for [a period of ______] OR [a period equal to the 
original term of this Contract] in the manner provided in Section X5X, provided that the extension 
does not require the payment of compensation in excess of the maximum compensation set forth 
in Section X3X, Compensation. 

3. COMPENSATION: 

A. The Consultant/Contractor shall be paid [monthly] [at the completion of services] 
for the actual fees, costs and expenses [for all  time and materials required and expended, but in 
no event shall total compensation exceed _____________ ($_____________��� ZLWKRXW� &LW\¶V�
prior written approval]. Account Code Number/Account Description for Scope of Work to be 
charged to: __________________________________________________. 

B. Said amount shall be paid upon submittal of a [final] [monthly] [other] billing 
[showing completion of the tasks that month]. Consultant/Contractor shall furnish City with 
invoices for all  expenses as well  as for all  materials authorized by this Contract.  The invoices 
shall be submitted with the [final] [monthly] [other] ELOOLQJV�� � ,I� &RQVXOWDQW�&RQWUDFWRU¶V�
performance is not in conformity with the Schedule of Performance, payments may be delayed 
or denied, unless the Consultant�&RQWUDFWRU¶V�IDLOXUH�WR�SHUIRUP�LQ�FRQIRUPLW\�ZLWK�WKH�6FKHGXOH�
RI� 3HUIRUPDQFH� LV� D� GRFXPHQWHG� UHVXOW� RI� WKH� &LW\¶V� IDLOXUH� WR� FRQIRUP� WR� WKH� 6FKHGXOH� RI�

Performance, or if the Schedule of Performance is extended pursuant to Section X5X. 

C. If the work is halted at the request of the City, compensation shall be based upon 
the proportion that the work performed bears to the total work required by this Contract, subject 
to Section X4X. 

4. TERMINATION: 

A. This Contract may be terminated by either party, provided that the other party is 
given not less than [_____] FDOHQGDU� GD\V¶� ZULWWHQ� QRWLFH� �GHOLYHUHG� E\� FHUWLILHG� PDLO�� UHWXUQ�
receipt requested) of intent to terminate. 

B. The City may temporarily suspend this Contract, at no additional cost to City, 
provided that the Consultant/Contractor is given written notice (delivered by certified mail, 
return receipt requested) of temporary suspension.  If  City gives such notice of temporary 
suspension, Consultant/Contractor shall immediately suspend its activities under this Contract. 
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C. Notwithstanding any provisions of this Contract, Consultant/Contractor shall  not 
be relieved of liability to the City for damages sustained by the City by virtue of any breach of 
this Contract by Consultant/Contractor, and the City may withhold any payments due to 
Consultant/Contractor until such time as the exact amount of damages, if any, due the City from 
Consultant/Contractor is determined. 

D. In the event of termination, the Consultant/Contractor shall be compensated as 
provided for in this Contract, except as provided in Section X4.CX.  Upon termination, the City shall  
be entitled to all  work, including, but not limi ted to, appraisals, inventories, studies, analyses, 
drawings and data estimates performed to that date in accordance with Section X7X hereof. 

5. AMENDMENTS, CHANGES OR MODIFICATIONS: 

Amendments, changes or modifications in the terms of this Contract may be made at any 
time by mutual written agreement between the parties hereto and shall be signed by the persons 
authorized to bind the parties hereto. 

 
6. EXTENSIONS OF TIME: 

 Consultant/Contractor may, for good cause, request extensions of time to perform the 
services required hereunder.  Such extensions shall be authorized in advance by the City in 
writing and shall  be incorporated in written amendments to this Contract or the attached Scope of 
Work in the manner provided in Section X5X. 
 
7. PROPERTY OF CITY: 

A. It is mutuall y agreed that all  materials prepared by the Consultant/Contractor 
under this Contract shall become the property of the City, and the Consultant/Contractor shall 
have no property right therein whatsoever.  Immediately upon termination, the City shall be 
entitled to, and the Consultant/Contractor shall  deliver to the City, all  data, drawings, 
specifications, reports, estimates, summaries and other such materials as may have been prepared 
or accumulated to date by the Consultant/Contractor in performing this Contract which is not 
&RQVXOWDQW�&RQWUDFWRU¶V� SULYLOHJHG� LQIRUPDWLRQ�� DV� GHILQHG� E\� ODZ�� RU� &RQVXOWDQW�&RQWUDFWRU¶V�

personnel information, along with all  other property belonging exclusively to the City which is in 
the ConsultDQW�&RQWUDFWRU¶V�SRVVHVVLRQ� 

B. Additionall y, it is agreed that the parties intend this to be a contract for services 
and each considers the products and results of the services to be rendered by 
&RQVXOWDQW�&RQWUDFWRU� KHUHXQGHU� �WKH� ³:RUN´�� WR� EH� D� ZRUN� PDGH� for hire.  
Consultant/Contractor acknowledges and agrees that the Work (and all  rights therein, including, 
without limitation, copyright) belongs to and shall  be the sole and exclusive property of the City. 

8. COMPLIANCE WITH ALL LAWS; PREVAILING WAGES: 

 A. Consultant/Contractor shall  comply with all applicable laws, ordinances, and 
codes of federal, state and local governments, as applicable, and shall  commit no trespass on any 
public or private property in performing any of the work authorized by this Contract. If 
QHFHVVDU\��LW�VKDOO�EH�&LW\¶V�UHVSRQVLELOLW\�WR�REtain all  rights of way and easements to enable 
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Consultant/Contractor to perform its services hereunder.  Consultant/Contractor shall  assist City 
in providing the same. 
  
 B. Some or all  of the work hHUHLQ�PD\�EH�D�³SXEOLF�ZRUN´�ZLWKLQ�WKH�PHDQLQJ�RI�
Labor Code section 1720, subject to the payment of prevail ing wages under Labor Code sections 
1720 et seq.  Accordingly, Consultant/Contractor shall cause all  such work, as applicable, to be 
performed as a ³SXEOLF�ZRUN´�LQ�FRPSOLDQFH�ZLWK�&DOLIRUQLD�SUHYDLOLQJ�ZDJH�ODZV, including the 
payment of prevail ing wages, as applicable.  In the event it is determined that the 
Consultant/Contractor is required to pay prevail ing wages for the work performed under this 
Agreement, but failed to do so, the Consultant/Contractor shall pay all  applicable penalties, 
costs, fees, wages, and wage differential. To the extent the project is subject to the requirement 
of payment of prevail ing wages pursuant to Cali fornia Labor Code sections 1720 et seq, then the 
project is subject to compliance monitoring and enforcement by the Department of Industrial 
Relations.  Copies of the prevail ing rate of per diem wages are on file at WKH�&LW\¶V�RIILFHV, which 
shall be made available to any interested party on request. Consultant/Contractor shall  cause a 
copy of the determination of the director of the prevail ing rate of per diem wages to be posted at 
each job site, as well  as all  related notices required by applicable law and regulation.   
  

 
9. WARRANTIES AND RESPONSIBILITIES - CONSULTANT/CONTRACTOR: 

A. Consultant/Contractor agrees, represents and warrants to City that it has all  
li censes, permits, quali fications and approvals of whatever nature which are legall y required for 
Consultant/Contractor to practice its profession and to properly provide the services set forth in 
Exhibit A in a manner which is consistent with the generall y accepted standards of 
&RQVXOWDQW�&RQWUDFWRU¶V�SURIHVVLRQ�� �&RQVXOWDQW�&RQWUDFWRU� UHSUHVHQWV�DQG�ZDUUDQWV� WR�&LW\� WKat 
Consultant/Contractor shall, at its sole cost and expense, keep in effect or obtain at all  times 
during the term of this Contract any li censes, permits and approvals which are legall y required 
for Consultant/Contractor to practice its profession at the time the services are performed.  

B. Consultant/Contractor agrees and represents that the work performed under this 
Contract shall be in accordance with applicable federal, state and local law in accordance with 
Section X17.AX hereof. 

C. Consultant/Contractor shall designate a project manager who at all  times shall 
represent the Consultant/Contractor before the City on all  matters relating to this Contract.  In the 
event that City, in its sole discretion, at any time during the term of this Contract, desires the 
removal of any person or persons assigned by Consultant/Contractor, including but not limi ted to 
the project manager, to perform services pursuant to this Contract, Consultant/Contractor shall 
remove any such person immediately upon receiving notice from City of the desire of City for 
the removal of such person or persons. 

D. Except as set forth in Exhibit D, Consultant/Contractor shall , at its sole cost and 
expense, furnish all  facilit ies, equipment, and other materials which may be required for 
furnishing services pursuant to this Agreement.  City shall furnish to Consultant/Contractor only 
the facilit ies, equipment, and other materials li sted in Exhibit D according to the terms and 
conditions set forth in Exhibit D. 

337



 

1284445.3  13583-001  

E. [Consultant/Contractor shall provide corrective services without charge to the 
City for services which fail  to meet the above professional and legal standards and which are 
reported to Consultant/Contractor in writing within sixty (60) days of discovery.  Should 
Consultant/Contractor fail  or refuse to perform promptly its obligations, the City may render or 
undertake performance thereof and the Consultant/Contractor shall be liable for any expenses 
thereby incurred.] 

10. SUBCONTRACTING: 

 None of the services covered by this Contract shall  be subcontracted without the prior 
written consent of the City, which will  not be unreasonably withheld.  Consultant/Contractor 
shall be as full y responsible to the City for the negligent acts and omissions of its contractors and 
subcontractors, and of persons either directly or indirectly employed by them, as it is for the 
negligent acts and omissions of persons directly employed by Consultant/Contractor. 

11. ASSIGNABILITY: 

Consultant/Contractor shall not assign or transfer any interest in this Contract whether by 
assignment or novation, without the prior written consent of the City which will  not be 
unreasonably withheld.  However, claims for money due or to become due to 
Consultant/Contractor from the City under this Contract may be assigned to a financial 
institution or to a trustee in bankruptcy, without such approval.  Notice of any assignment or 
transfer whether voluntary or involuntary shall  be furnished promptly to the City. 

 
12. INTEREST IN CONTRACT: 

 Consultant/Contractor covenants that neither it, nor any of its employees, agents, 
contractors, subcontractors has any interest, nor shall  they acquire any interest, direct or indirect, 
in the subject of the Contract, nor any other interest which would conflict in any manner or 
degree with the performance of its services hereunder.  Consultant/Contractor shall  make all  
GLVFORVXUHV� UHTXLUHG� E\� WKH� &LW\¶V� FRQIOLFW� RI� LQWHUHVW� FRGH� LQ� DFFRUGDQFH� ZLWK� WKH� FDWHJRU\�

designated by the City, unless the City Manager determines in writing that 
ConsultaQW�&RQWUDFWRU¶V� GXWLHV� DUH� PRUH� OLPLWHG� LQ� VFRSH� WKDQ� LV� ZDUUDQWHG� E\� WKH� FDWHJRU\�
designated by the City code and that a narrower disclosure category should apply.  
Consultant/Contractor also agrees to make disclosure in compliance with the City conflict of 
interest code if, at any time after the execution of this Contract, City determines and notifies 
&RQVXOWDQW�&RQWUDFWRU�LQ�ZULWLQJ�WKDW�&RQVXOWDQW�&RQWUDFWRU¶V�GXWLHV�XQGHU�WKLV�&RQWUDFW�ZDUUDQW�

greater disclosure by Consultant/Contractor than was originall y contemplated.  
Consultant/Contractor shall make disclosures in the time, place and manner set forth in the 
conflict of interest code and as directed by the City. 
 
13. MATERIALS CONFIDENTIAL: 

 All of the materials prepared or assembled by Consultant/Contractor pursuant to 
performance of this Contract are confidential and Consultant/Contractor agrees that they shall 
not be made available to any individual or organization without the prior written approval of the 
City, except by court order. 
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14. LIABILITY OF CONSULTANT/CONTRACTOR-NEGLIGENCE: 

Consultant/Contractor shall be responsible for performing the work under this Contract in 
a manner which is consistent with the generall y-accepted standards of the 
&RQVXOWDQW�&RQWUDFWRU¶V�SURIHVVLRQ�DQG�VKDOO�EH� OLDEOH�IRU� LWs own negligence and the negligent 
acts of its employees, agents, contractors and subcontractors.  The City shall have no right of 
control over the manner in which the work is to be done but only as to its outcome, and shall not 
be charged with the responsibilit y of preventing risk to Consultant/Contractor or its employees, 
agents, contractors or subcontractors. 

15. INDEMNITY AND LITIGATION COSTS: 

Consultant/Contractor shall  indemnify, defend, and hold harmless the City, its officers, officials, 
agents, and employees and volunteers from and against any and all  claims, damages, demands, 
liability, costs, losses and expenses, including without limitation court costs and reasonable 
DWWRUQH\V¶�IHHV��DULVLQJ�LQ�DQ\�PDQQHU�E\�UHDVRQ�RI�QHJOLJHQW�DFWV�RU�QHJOLJHQW�failure to act, 
recklessness, [errors, omissions]or will ful misconduct incident to the performance of this 
Contract on the part of Consultant/Contractor [except such loss or damage which was caused by 
the active negligence, sole negligence, or wil lful misconduct of the City].  The provisions of this 
paragraph shall  survive termination or suspension of this Contract. 
 
16. CONSULTANT/CONTRACTOR TO PROVIDE INSURANCE: 

A. Consultant/Contractor shall  not commence any work before obtaining, and shall 
maintain in force at all  times during the duration and performance of this Contract the policies of 
insurance specifi ed in this Section.  Such insurance must have the approval of the City as to 
limi t, form, and amount, and shall  be placed with insurers with a current A.0��%HVW¶V�UDWLQJ�RI�QR�
OHVV� WKDQ� $�9,,� �RU� LQ� WKH� FDVH� RI� :RUNHU¶V� &RPSHQVDWLRQ� LQVXUDQFH�� ZLWK� WKH� 6WDWH�

Compensation Insurance Fund of Cali fornia). 

B. Prior to execution of this Contract and prior to commencement of any work, the 
Consultant/Contractor shall  furnish the City with certificates of insurance and copies of original 
endorsements providing evidence of coverage for all  policies required by the Contract.  The 
endorsements shall be signed by a person authorized by the insurer to bind coverage on its 
behalf.  The Consultant/Contractor agrees to furnish one copy of each required policy to the City, 
and additional copies as requested in writing, certified by an authorized representative of the 
insurer.  The failure of Consultant/Contractor or of any of its contractors or subcontractors to 
maintain or renew coverage or to provide evidence of renewal may be treated by the City as a 
material breach of this Contract.  Approval of the insurance by the City shall  not relieve or 
decrease any liability of Consultant/Contractor. 

C. In addition to any other remedy the City may have, if Consultant/Contractor fails 
to maintain the insurance coverage as required in this Section, the City may obtain such 
insurance coverage as is not being maintained, in form and amount substantially the same as is 
required herein, and the City may deduct the cost of such insurance from any amounts due or 
which may become due Consultant/Contractor under this Contract. 
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D. No policy required by this Contract shall be endorsed to suspended, voided, 
canceled, terminated by either party, or reduced in coverage or in limi ts unless the 
Consultant/Contractor has provided WKLUW\������GD\V¶�SULRU�ZULWWHQ�QRWLFH�E\�FHUWLILHG�PDLO��UHWXUQ�
receipt requested, to the City. 

E. Any deductibles, aggregate limi ts, pending claims or lawsuits which may 
diminish the aggregate limi ts, or self -insured retentions, must be declared to, and approved by, 
the City.   

F. Aggregate Limits/Impairment. 

If any of the insurance coverages required by this section contain annual 
aggregate limi ts, the Consultant/Contractor must give the City notice of any pending claim or 
lawsuit which may diminish the aggregate.  The Consultant/Contractor must take steps to restore 
the impaired aggregates or provide replacement insurance protection.  The City has the option to 
specif y the minimum acceptable aggregate limi t for each line of coverage required.  No 
substantial reductions in scope of coverage whiFK� PD\� DIIHFW� &LW\¶V� SURWHFWLRQ are allowed 
ZLWKRXW�&LW\¶V�SULRU�ZULWWHQ�FRQVHQW� 

G. The requirement as WR�W\SHV��OLPLWV��DQG�WKH�&LW\¶V�DSSURYDO�RI�LQVXUDQFH�FRYHUDJH�
to be maintained by Consultant/Contractor are not intended to, and shall not in any manner, limit  
or quali fy the liabilities and obligations assumed by Consultant/Contractor under the Contract. 

H. The Consultant/Contractor and its contractors and subcontractors shall, at their 
expense, maintain in effect at all  times during the performance of work under the Contract not 
less than the following coverage and limi ts of insurance, which shall be maintained with insurers 
and under forms of policy satisfactory to the City.  The maintenance by Consultant/Contractor 
and its contractors and subcontractors of the following coverage and limi ts of insurance is a 
material element of this Contract.  The failure of Consultant/Contractor or of any of its 
contractors or subcontractors to maintain or renew coverage or to provide evidence of renewal 
may be treated by the City as a material breach of this Contract. 

I. :RUNHU¶V�&RPSHQVDWLRQ�DQG�(PSOR\HU¶V�/LDELOLW\�,QVXUDQce.   

1. :RUNHU¶V� &RPSHQVDWLRQ� ,QVXUDQFH� WR� SURWHFW� WKH� &RQVXOWDQW�&RQWUDFWRU��

LWV�FRQWUDFWRUV�DQG�VXEFRQWUDFWRUV�IURP�DOO�FODLPV�XQGHU�:RUNHU¶V�&RPSHQVDWLRQ�DQG�(PSOR\HU¶V�

/LDELOLW\� $FWV�� LQFOXGLQJ� /RQJVKRUHPHQ¶V� DQG� +DUERU� :RUNHU¶V� $FW� �³$FWV´��� LI� DSSOLFDEle.  
Such coverage shall be maintained, in type and amount, in strict compliance with all  applicable 
state and federal statutes and regulations.  The Consultant/Contractor shall execute a certificate 
of compliance with Labor Code Section 3700, on the form provided in the Contract Documents. 

2. Consultant/Contractor shall provide a Waiver of Subrogation endorsement 
in favor of the City, its officers, officials, employees, agents and volunteers for losses arising 
from work performed by the Consultant/Contractor 

J. Commercial General Liability Insurance 
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1. The insurance shall be provided on form CG0001, or its equivalent, and 
shall include coverage for claims for bodily injury or property damage arising out of 
premises/operations, products/completed operations, contractXDO� OLDELOLW\�� DQG� VXEFRQVXOWDQW¶V�
work and personal and advertising injury resulting from actions, failures to act, or operations of 
the insured, or by its employees or agents, or by anyone directly or indirectly employed by the 
insured.  The amount of insurance coverage shall  not be less than [$1,000,000.00] per occurrence 
and [$2,000,000] general and products/completed operations aggregates. 

2. The commercial general liability insurance shall also include the 
following: 

a. Endorsement equivalent to CG 2010 1185 naming the City, its 
officers, off icials, employees, agents, and volunteers as additional insureds. The endorsement 
shall contain no special limitations on the scope of protection afforded to the City, its officers, 
officials, employees or volunteers. 

b. Endorsement stating insurance provided to the City shall be 
primary as respects the City, its officers, officials, employees and any insurance or self insurance 
maintained by the City, its officers, off icials, employees or volunteers shall  be in excess of the 
&RQVXOWDQW¶V�LQVXUDQFH�DQG�VKDOO�QRW�FRQWULEXWH�ZLWK�LW��WR�WKH�SD\PHQW�RU�VDWLVIDFWLRQ�RI�DQ\�

defense expenses, loss, or judgment. 

c. 3URYLVLRQ�RU�HQGRUVHPHQW�VWDWLQJ�WKDW�WKH�&RQVXOWDQW¶V�LQVXUDQFH�

shall apply separately to each insured against whom claim is made or suit is brought, except with 
UHVSHFW�WR�WKH�OLPLWV�RI�WKH�LQVXUHU¶V�OLDELOLW\� 

d. Provision or endorsement stating that any failure to comply with 
reporting or other provisions of the policies including breaches of representations shall not affect 
coverage provided to the City, its officers, officials, employees, or volunteers. 

e. Provision or endorsement stating that such insurance, subject to all  
of its other terms and conditions, applies to the liability assumed by the Consultant/Contractor 
under the Contract, including, without limitation,  set forth in Section 15, Indemnity and 
Litigation Costs. 

K. Commercial Automobile Liability Insurance. 

1. The commercial automobile liability insurance shall include, but shall not 
be limi ted to, protection against claims for  death, bodily or personal injury, or property damage 
for owned, non-owned, and hired automobiles resulting from actions, failures to act, or 
operations of the insured, or by its employees or agents, or by anyone directly or indirectly 
employed by the insured.  The amount of insurance coverage shall  not be less than 
[$1,000,000.00] per occurrence. 

2. The commercial automobile liability insurance shall include the same 
endorsements as required for Commercial General Liability Insurance (16.J.2 above.) 
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L. Professional Liability. 

  The Consultant/Contractor and its contractors and subcontractors shall secure and 
maintain in full force, during the term of this Contract and for five years thereafter, professional 
liability insurance policies appropriate to the respective professions and the work to be 
performed as specified in this Contract.  The limi ts of such professional liability insurance 
coverage shall not be less than [$1,000,000] per claim. 
 
17. MISCELLANEOUS PROVISIONS: 

A. Compliance With Laws.  Consultant/Contractor shall keep itself full y informed 
of, shall observe and comply with, and shall cause any and all  persons, firms or corporations 
employed by it or under its control to observe and comply with, applicable federal, state, county 
and municipal laws, ordinances, regulations, orders and decrees which in any manner affect 
those engaged or employed on the work described by this Contract or the materials used or 
which in any way affect the conduct of the work, including laws relating to prevail ing wages 
pursuant to Labor Code section 1771 et seq. 

B. Non-Discrimination.  Consultant/Contractor shall not engage in unlawful 
employment discrimination.  Such unlawful employment discrimination includes, but is not 
limi ted to, employment discrimination based upon a perVRQ¶V� UDFH�� UHOLJLRXV� FUHHG�� FRORU��
national origin, ancestry, physical handicap, medical condition, marital status, gender, 
citizenship, or sexual orientation.  Consultant/Contractor shall comply with Section 122(a) of the 
State and Local Fiscal Assistance Act of 1972. 

C. Inspection of Records.  Consultant/Contractor shall maintain and make available 
for inspection by the City and its auditors accurate records of all  of its costs, disbursements and 
receipts with respect to any work under this Contract.  Such inspections may be made during 
regular off ice hours at any time until six (6) months after the final payments under this Contract 
are made to the Consultant/Contractor. 

D. Entirety of Agreement.  This Contract constitutes the entire agreement between 
the parties relative to the services specified herein and no modification hereof shall  be effective 
unless and until such modification is evidenced by a writing signed by both parties to this 
Contract.  There are no understandings, agreements, conditions, representations, warranties or 
promises, with respect to this Contract, except those contained in or referred to in the writing. 

E. Notices.  All notices that are required to be given by one party to the other under 
this Contract shall be in writing and shall  be deemed to have been given if delivered personall y 
or enclosed in a properly addressed envelope and deposited in a United States Post Office for 
delivery by registered or certified mail addressed to the parties at the following addresses: 

  CITY:   Attn: City Manager 
     600 Sixth Street 
     Lincoln, CA 95648  
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  CONSULTANT/CONTRACTOR: Attn:  
       Address line 1 
       Address line 2 
 
     

F. Governing Law.  This Contract shall be interpreted and governed by the laws of 
the State of Cali fornia. 

G. Venue.  Any action arising out of this Contract shall  be brought in Placer County, 
Cali fornia, regardless of where else venue may lie. 

H. $WWRUQH\V¶�)HHV.  In any action brought by either party to enforce the terms of this 
Contract, each party shall be bear responsLELOLW\�IRU�LWV�DWWRUQH\¶V�IHHV�DQG�DOO�FRVWV�UHJDUGOHVV�RI�
whether one party is determined to be the prevail ing party. 

I. Counterparts.  The parties may execute this Contract in two or more counterparts, 
which shall, in the aggregate, be signed by all  the parties, each counterpart shall be deemed an 
original instrument as against any party who has signed it. 

 

J. Severability.  If  any term, provision, covenant, or condition of this Contract is 
held by a court of competent jurisdiction to be invalid, void, or unenforceable, the remainder of 
the Contract shall remain in full force and effect and shall in no way be affected, impaired, or 
invalidated. 
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NAME/COMPANY/ADDRESS   CITY OF LINCOLN, 
                                                   a municipal corporation 
 
 
 
  _____________________________                        ___________________________ 
 (Authorized Signature)    Matthew Brower, City Manager 
 
______________________________  ___________________________ 
Print Name      Dated 
 
        

 
       APPROVED AS TO FORM: 
 
       ___________________________ 
       Jonathan Hobbs, City Attorney 
                                                                                                    
       ___________________________ 
       Dated 

 
 
       ATTEST: 
 
 
       _____________________________ 
       City Clerk     
 
       _____________________________  
       Dated 
 

 
City Accountability: 

 
Department responsible for contract:   

 
______________________________ 

 
Staff responsible for contract:   

 
______________________________
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EXHIBIT A 
 

SCOPE OF WORK 
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EXHIBIT B 
 

SCHEDULE OF PERFORMANCE 
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EXHIBIT C 
 

CERTIFICATE OF COMPLIANCE WITH LABOR CODE § 3700 
Labor Code § 1861 

 
 I am aware of the provisions of Section 3700 of the Labor Code which require every 
employer to be insureG�DJDLQVW�OLDELOLW\�IRU�ZRUNHUV¶�FRPSHQVDWLRQ�RU�WR�XQGHUWDNH�VHOI-insurance 
in accordance with the provisions of that code, and I will  comply with such provisions before 
commencing the performance of the work of this contract. 
 
 
 
       CONSULTANT/CONTRACTOR 
 
 
       By:____________________________  
             Title 
 
       _______________________________ 
       Print Name 
 
       _______________________________ 
       Date 
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EXHIBIT D 
 

FACILITIES, EQUIPMENT, OTHER MATERIALS 
 

Consultant/Contractor shall  be responsible for providing all  necessary facilit ies, equipment and 
personnel to undertake the necessary task(s) outlined in Exhibit A. 
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The surplus property was operated by Client Confidential from at least the 1950s to the late 1960s and 
once contained five ASTs and a wharf (Figure 2).  All structures were removed from the surplus 
property between 1971 and 1981 (Figure 2). 

The railroad separating the terminal and the surplus property was historically used for fuel transfer 
operations, but is now used by the California State Railroad Museum for recreational passenger train 
rides.  There is also a public walking/bike path along the railroad that is maintained by the City of 
Sacramento.  The railroad and path are within an easement and are not Client Confidential property. 

The active portion of the site has been operating as a fuel terminal since at least 1930.  It is the 
primary fuel supply for Client Confidential and independent fuel retailers for most of the Sacramento 
Valley and Tahoe regions. 

Three hydrocarbon source areas have been identified onsite: 

• Area of the ASTs (well MW 46) 

• Area of the motor transport building (well B 7) 

• Area of the former oil/water separator near the southeast corner of the site (well MW 45) 

Site Geology  

The site is relatively flat at an approximate elevation of 15 feet above mean sea level (msl).  Soils 
encountered beneath the site are fairly consistent across the site.  Silt with relatively low estimated 
permeability is encountered from the ground surface to approximately 10 feet below grade (fbg) and is 
underlain by silty sand to approximately 20 fbg (with some local variation).  Sediment grain size is 
primarily fine but increases to coarse sand at approximately 78 fbg.  Silty and sandy gravel is 
encountered from 78 fbg to approximately 80 fbg.  Relatively stiff silt to clayey silt with low estimated 
permeability (likely an aquitard) is encountered at approximately 82 to 88 fbg and extends to the 
maximum explored depth of approximately 114 fbg.  Based on observations obtained from 
continuously collected soil cores, the aquitard is a minimum of 8 feet thick and may be in excess of 26 
feet thick. 

Site Hydrogeology 

The terminal is located just east of the Sacramento River.  Measured depth to water has historically 
ranged from 0 (artesian) to 29 fbg since groundwater monitoring began in 1987.  A representative 
hydrograph for select wells shows that seasonal groundwater level fluctuations typically range from 
approximately 2 to 15 feet, with the highest levels in late winter and early spring, and lowest levels in 
late summer and early fall (Figure 3).  Flowing artesian conditions have occurred at times when the 
Sacramento River has approached flood stage.  Generally, the groundwater gradient beneath the site 
is relatively flat and groundwater flows to the east, away from the Sacramento River. 

2. PREVIOUS INVESTIGATION AND REMEDIATION ACTIVITIES 

Numerous investigations and remedial activities have been performed at the site beginning in 1982.  
To date, 59 monitoring wells, 4 tank backfill wells, 41 vapor extraction wells, 36 groundwater 
oxygenation wells, 14 light non-aqueous phase liquid (LNAPL) wells, 21 soil borings, 31 soil vapor 
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probes, 1 recovery well, 1 surfactant extraction well, and 4 cone penetration test borings have been 
advanced and/or installed at the site.  Well construction details are presented in Table 1.  Quarterly 
groundwater monitoring of site wells was initiated in 1987 and continued through 2013.  Semi-annual 
monitoring was initiated in 2014 and is ongoing.  Remedial activities include groundwater extraction, 
soil vapor extraction, groundwater oxygenation, LNAPL bailing, ozone sparging, and surfactant 
enhanced recovery. 

3. RESULTS OF FIRST SEMI-ANNUAL 2016 MONITORING EVENT 

Semi-Annu al Ground water Monitoring and Sampling 

On January 5 through 6, 2016, Gettler-Ryan Inc. (G-R) gauged all onsite wells, checked for LNAPL, 
and collected groundwater samples from select wells per the MRP. 

The adjacent TOSCO/Tidewater fuel terminal was also monitored and sampled by G-R on January 5 
and 6, 2016.  The adjacent CoP terminal has been designated for semi-annual sampling during the 
second and fourth quarters and data from this site will no longer be included in these monitoring 
reports. 

G-R’s Groundwater Monitoring and Sampling Data Package is included as Attachment A.  Current 
groundwater monitoring and sampling data are presented in Table 2.  Eurofins Lancaster 
Laboratories’ Analytical Results are included as Attachment B.  Historical groundwater monitoring and 
sampling data are included as Attachment C.  Current and historical groundwater monitoring and 
sampling data for the adjacent TOSCO/Tidewater fuel terminal are included as Attachment D. 

During the first quarter 2016, depth to groundwater in site wells ranged from approximately 10 to 28 
fbg, and groundwater elevations ranged from approximately 3.5 to 7 feet above mean sea level (msl).  
Groundwater flow direction was generally towards the east-southeast although variable at a relatively 
flat gradient across the site (Figure 4).  Current and historical groundwater flow direction and gradients 
are presented in Table A below.  Historical groundwater elevation data are included in G-R’s 
monitoring and sampling tables (Attachment C). 

Table A Groundwater Flow Direction and Gradient  

Quarter 
Flow 

Direction 
Gradient Quarter 

Flow 
Direction 

Gradient Quarter 
Flow 

Direction 
Gradient 

2Q96 E to SE 0.003 4Q02 SE 0.002 4Q08 E to NE 
0.0004 
to 0.02 

4Q96 E to NE 0.002 1Q03 S toE 
0.001 to 
0.006 

1Q09 
E to 

Variable 
0.0002 
to 0.02 

1Q97 E 0.005 3Q03 E 
0.001 to 
0.004 

4Q09 
E to 

Variable 
0.0004 

to 0.003 

2Q97 E 0.001 4Q03 NE to E 0.002 1Q10 
E to 

Variable 
0.002 to 
0.003 

3Q97 E 0.003 1Q04 Variable  0.02 to 2Q10 E to 0.001 to 
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Table A Groundwater Flow Direction and Gradient  

Quarter 
Flow 

Direction 
Gradient Quarter 

Flow 
Direction 

Gradient Quarter 
Flow 

Direction 
Gradient 

0.006 Variable 0.003 

4Q97 E 0.001 2Q04 SE to E 0.001 to 
0.002 

3Q10 E;SE to 
Variable 

0.001 to 
0.005 

1Q98 E 0.005 3Q04 E 
0.001 to 
0.004 

4Q10 
E to 

Variable 
0.006 to 

0.02 

2Q98 ENE 0.005 4Q04 E to NE 
0.0006 to 
0.0009 

1Q11 E;SE to 
Variable 

0.002 to 
0.006 

3Q98 E 0.001 1Q05 E 
0.001 to 
0.004 

2Q11 E;SE to 
Variable 

0.004 

4Q98 ENE 0.005 2Q05 E 
0.0006 to 

0.003 
3Q11 SE 

0.002 to 
0.004 

1Q99 E 0.006 3Q05 E 
0.0004 to 

0.002 
4Q11 SE 

0.002 to 
0.004 

2Q99 Variable 0.003 4Q05 E 
0.0009 to 

0.002 
1Q12 SE 0.002 

3Q99 ESE 0.006 1Q06 E 
0.0008 to 

0.015 
2Q12 SE 0.003 

4Q99 Variable 0.003 2Q06 E 
0.0004 to 

0.001 
3Q12 SE 0.001 

1Q00 E to SE 0.002 3Q06 E 
0.007 to 

0.02 
4Q12 SE 0.002 

2Q00 E 0.001 4Q07 E 
0.008 to 
0.002 1Q13 E 

0.006 to 
0.02 

4Q00 E 0.003 1Q07 NE 
0.0006 to 
0.0009 

2Q13 E;SE 0.01 

1Q01 E 0.002 2Q07 NE 
0.001 to 
0.002 

3Q13 E;SE 0.01 

2Q01 E 0.004 3Q07 NE 
0.001 to 
0.002 1Q14 E-SE 0.01 

3Q01 E 0.004 4Q07 NE 
0.0009 to 

0.002 
3Q14 E to SE 0.01 

4Q01 E 0.004 1Q08 NE 
0.001 to 

0.07 
1Q15 E-SE 0.01 

1Q02 E 0.004 2Q08 E 0.002 to 
0.006 

3Q15 E-SE 0.01 

2Q02 E 0.004 3Q08 E to SE 
0.001 to 

0.07 
1Q16 E-SE 0.01 

3Q02 SE 0.004 2Q09 
E to 

Variable 
0.002 to 
0.006 

2Q03 SE 0.001 to 
0.004 

3Q09 E to 
Variable 

0.002 to 
0.005 
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Groundwater samples were analyzed for the site’s constituents of concern (COCs) using the methods 
noted in Eurofins Lancaster Laboratories’ analytical reports (Attachment B).  Total petroleum 
hydrocarbons as diesel (TPHd), total petroleum hydrocarbons as gasoline (TPHg), benzene, toluene, 
ethylbenzene, and total xylenes (BTEX), and methyl tertiary butyl ether (MTBE) results are 
summarized in Table B and discussed below. 

Table B Groundwater Analyt ical Data First Quarter 2016 Monitoring Event 

Well ID 
 

TPHd1 

Pg/L 
TPHg 
Pg/L 

Benzene 
Pg/L 

Toluene 
Pg/L 

Ethylbenzene 
Pg/L 

Xylenes 
Pg/L 

MTBE 
Pg/L 

WQOs 100 5 0.15 42 29 17 5 

MW-2 850/<31 <50 <0.5 <0.5 <0.5 <0.5 NA 
MW-3 Monitoring Only 
MW-6 1,300/<31 <50 <0.5 <0.5 <0.5 <0.5 NA 
MW-11 Monitoring Only 
MW-13 Monitoring Only 
MW-14 Monitoring Only 
MW-15 Monitoring Only 
MW-16 Monitoring Only 
MW-17 Monitoring Only 
MW-18 Monitoring Only 
MW-19 Monitoring Only 
MW-21 Unable to Access 
MW-22 220/<30 67J <0.5 <0.5 <0.5 <0.5 1J 
MW-23 Monitoring Only 
MW-24 630/100 650 5 2 <0.5 2 2 
MW-25 Monitoring Only 
MW-26 300/<31 <50 <0.5 <0.5 <0.5 <0.5 <0.5 
MW-27 310/<33 <50 <0.5 <0.5 <0.5 <0.5 NA 
MW-28 Monitoring Only 
MW-29 83J/<30 <50 <0.5 <0.5 <0.5 <0.5 2 
MW-30 5,500/4,200 780 <0.5 <0.5 <0.5 <0.5 4 
MW-31 Monitoring Only 
MW-32 Monitoring Only 
MW-33 Monitoring Only 
MW-34 Monitoring Only 
MW-35 2,000/910 3,800 31 8 <3 <3 <3 
MW-36 Monitoring Only 
MW-37 Monitoring Only 
MW-38 Monitoring Only 
MW-39 Monitoring Only 
MW-40 Monitoring Only 
MW-41 Monitoring Only 
MW-42 Monitoring Only 
MW-43 52J/<32 <31 <0.5 <0.5 <0.5 <0.5 0.6J 
MW-44 2,000/140 390 <0.5 <0.5 <0.5 <0.5 3 
MW-45 <50/<31 <50 <0.5 <0.5 <0.5 <0.5 <0.5 
MW-46 15,000/3,900 3,300 5 <0.5 1 3 6 
MW-47 Monitoring Only 

410



 

310673-39 

Table B Groundwater Analyt ical Data First Quarter 2016 Monitoring Event 

Well ID 
 

TPHd1 

Pg/L 
TPHg 
Pg/L 

Benzene 
Pg/L 

Toluene 
Pg/L 

Ethylbenzene 
Pg/L 

Xylenes 
Pg/L 

MTBE 
Pg/L 

WQOs 100 5 0.15 42 29 17 5 

MW-48 Monitoring Only 
MW-49 <50/<31 <50 <0.5 <0.5 <0.5 <0.5 NA 
MW-50 190/<30 <50 <0.5 <0.5 <0.5 <0.5 5 
MW-51 <50/<31 <50 <0.5 <0.5 <0.5 <0.5 <0.5 
MW-52 Monitoring Only 
MW-53 Monitoring Only 

B-7 3,700/960 6,900 250 25 11 38 4J 
RW-100 Monitoring Only 

A-1 Monitoring Only 
A-2 Monitoring Only 
A-3 Monitoring Only 
A-4 1,300/290 360 <0.5 <0.5 <0.5 <0.5 2 
A-5 Monitoring Only  
A-6 Monitoring Only 
A-7 Monitoring Only 
A-8 Monitoring Only 
A-9 Monitoring Only 
A-10 4,600/1,400 5,600 220 21 20 21 38 
A-11 Unable to Locate 
A-12 Monitoring Only 
A-13 Monitoring Only  
A-14 Unable to Locate 
T-1 Insufficient water, not sampled 
T-2 LNAPL, Insufficient water, not sampled 
T-3 150,000/130,000 8,000 <5 <5 <5 <5 15 
T-4 4,100/2,500 2,400 <0.5 <0.5 <0.5 <0.5 3 

        
1 TPHd without and with 10-gram column silica gel cleanup with capric acid reverse surrogate 
< Indicates constituent was not detected at or above laboratory reporting limit 
NA           Not Analyzed 
µg/L Micrograms per liter 
WQO   Water Quality Objective, Central Valley Regional Water Quality Control Board - Water Quality Numerical Limits for  
   Petroleum Fuel Mixtures, Constituents and Additives, April 1, 2004 
-��������������(VWLPDWHG�YDOXH���WKH�Method Detection Limit (MDL or DL) and the < Limit of Quantitation (LOQ or RL) 
Data in bol d represent concentrations that exceed applicable WQOs (Water Quality Objectives). 

    

Discu ssion of Analyt ical  Resu lts 

x TPHd is the primary COC at the site.  Consistent with past results, the highest dissolved 
concentrations of TPHd were reported in wells located near the area of the ASTs and former 
oil/water separator (Figure 5), and the downgradient extent of dissolved TPHd is defined.  TPHd 
was reported at or above the WQO in 16 of the 21 wells sampled this quarter; however, TPHd was 
only detected at or above the WQO in 10 of the 21 wells using silica gel cleanup. 
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x TPHg exceeding the WQO was detected in 11 of 21 wells sampled.  The highest TPHg 
concentrations were reported in wells in the area of the ASTs and former oil/water separator 
(Figure 6), and the downgradient extent of dissolved TPHg is defined. 

x Benzene exceeding the WQO was only reported in 5 of 21 wells sampled.  Benzene is localized 
primarily to the area of the ASTs (Figure 7), and is defined downgradient. 

x MTBE was reported at or above the WQO in only 4 of 19 wells sampled, with the highest 
concentration (38 Pg/L) in well A-10, located in the area of the ASTs (Figure 8).  The downgradient 
extent of dissolved MTBE is defined to low levels. 

x No TPHd, TPHg, BTEX or MTBE were detected in the deep well MW-45. 
x No TPHg, BTEX, or MTBE were detected in the very deep well MW-51.   
 
LNAPL Monitoring 
 
During the quarterly LNAPL monitoring in January 2016, 0.04 feet of LNAPL was detected in 
monitoring well T-2. G-R bailed 0.02 liters of LNAPL and groundwater from the well. 

4. Conclusions and Recommendations   

Results of this groundwater monitoring and sampling event are consistent with historical results, and 
continue to indicate a stable or shrinking plume.  The dissolved phase hydrocarbon plume is 
adequately defined downgradient and vertically.  Hydrocarbons in groundwater are primarily limited to 
the areas of the former oil/water separator and AST area, and to a lesser extent, to the motor 
transport building (Figures 5 through 8).  GHD recommends continued monitoring and sampling of site 
wells to evaluate dissolved hydrocarbon concentrations and extent over time.  

5. Anticipated Future Activit ies 

Semi-Annu al Ground water Sampling  

G-R will gauge and sample select site wells during the third quarter 2016 monitoring and sampling 
event.  Upon completion of this monitoring event, GHD will prepare a summary of the site conditions 
and monitoring results. 
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We appreciate working with you on this project.  Should you have any questions on the above, please 
do not hesitate to contact Brian Silva at (916) 889-8908. 

Sincerely, 

GHD 

 

BJS/de/39 

Encl. 

Figure 1 Vicinity Map 
Figure 2 Site Plan  
Figure 3 Hydrographs for Selected Wells  
Figure 4 Groundwater Elevation Map  
Figure 5 TPHd Concentrations in Groundwater  
Figure 6 TPHg Concentrations in Groundwater  
Figure 7 Benzene Concentrations in Groundwater  
Figure 8 MTBE Concentrations in Groundwater  
 
Table 1 Well Construction Specifications 
Table 2 Groundwater Monitoring and Sampling Data 
 
Attachment A Monitoring Data Package 
Attachment B Laboratory Analytical Reports 
Attachment C Historical Groundwater Monitoring and Sampling Data 
Attachment D TOSCO/Tidewater Groundwater Monitoring and Sampling Data 
 
 
cc: Client Confidential 

 

413



414



D�Ç�îóU�îìíò

�]�Ç�}(�>]v�}ov��vP]v���]vP�����X

�©�vXW�Z�Ç�>�L�Á]�ZU�W�

òìì�^]Æ�Z�^�����

>]v�}ovU����õñòðô

Z�W� W�}�}��o��}�W�}À]����vP]v���]vP�^��À]����}v��Z���o}����>]v�}ov�>�v�.�oo�D}v]�}�]vP�W�}i����(}���Z���]�Ç�}(�

>]v�}ov��]�Ç��vP]v����������u�v�

�����D�X�>�L�Á]�ZW

t����������µooÇ��µ�u]��}µ����}�}��o��}���}À]����Z���]�Ç�}(�>]v�}ov[���]�Ç��vP]v����������u�v��Á]�Z��vP]v���]vP�

���À]����}v��Z����}À�rv}������}i���X�,}o���P����<µoo�Z������v���}À]�]vP�P�}���Zv]��o��v���vÀ]�}vu�v��o�

�vP]v���]vP����À]�����]v���]���]v�}��}����}v�]v�íõõïX�^���].���ooÇU�,�<�Z������v���}À]�]vP����À]�����}��Z���]�Ç�}(�

>]v�}ov�(}��vµu��}µ����}i����U�]v�oµ�]vP��Z���o}����>]v�}ov�>�v�.�ooU��]v���îìíïX�Kµ��ðñr����}v����+� �]v�oµ����

�vP]v����U�P�}o}P]���U�ZÇ��}P�}o}P]��U�.��o���vP]v���]vP����Zv]�]�v���v��]v�����}��U��v��o��}���}�Ç����Zv]�]�v�X�

Kµ��.��u�Z���}8������]v�E�À�����]�ÇU��Z]�}U�zµ����]�ÇU�d�µ�l��U�&���v}U��v��Dµ��ZÇ�X�Kµ���Á}�o��}���}�]��U�o}������

]v��Z���Z]�}��v��E�À�����]�Ç�}8�����U�����(µooÇ�����}À����Ç���À���o�P}À��vu�v���P�v�]��U�]v�oµ�]vP��Z���]À]�]}v�}(�

�Z��^��������Z]����U���o���v�U��v���Z����uÇ��}���}(��vP]v����X�

dZ]����}i����Á]oo����(��]o]������(�}u�}µ���Z]�}�}8����X�Kµ���Z]�}���������]��ðô���oo��u]v���}µ��U�^µ]���ðìU��Z]�}U�

���õñõîôX�D�X�^Z�v���µuu]vP�U�W'U���'U��,'U�Á]oo�����Z����]v�]��o�]v��Z��P��(}���Z]���}v�����X�^Z�v��]���Z��Z����

}(�}������}v��]v�}µ���Z]�}�}8����U��v��Z����v��������Z�������������������RU�E\�HPDLO�DW�6'&XPPLQJV#

+DQG.�QHWX�D�X�,�]�]��µuu]vP�U�W'U�Y^�lY^WU�Á]oo�����Z����}i����u�v�P����v����]u��Ç��}]v��}(��}v�����(}��

�Z]��Á}�lX��6KH�FDQ�EH�UHDFKHG�DW���������������F�����������������R���RU�E\�HPDLO�DW�+&XPPLQJV#

+DQG.�QHW��

dZ��(}oo}Á]vP���P�����}À]����Z�����µ������]v(}�u���}v���P���]vP�}µ���µ�o].�����}v���}����(}�u��Z]��Á}�lX�D}���

����]o���]v(}�u���}vU�]v�oµ�]vP���o�À�v����}i�����Æ���]�v����v���Z�����µu���}(����+� �u�u�������}�}����(}���Z]��

�}v�����U���v����(}µv��]v��Z������v�]ÆX�

Wo������}v�����µ��Á]�Z��vÇ��µ����}v��}���}uu�v�����P���]vP�}µ����}�}��oX�t��o}}l�(}�Á�����}�Z���]vP�(�}u��v��

�}��}v��vµ]vP��}�Á}�l�Á]�Z��Z���]�ÇX

^]v����oÇU

,K>�Z�'����<h>>��KE^h>d/E'��E'/E��Z^���'�K>K'/^d^

^Z�v���X��µuu]vP�U�W'U���'U��,'
W�]v�]��o����Z]�}�K������}v��D�v�P��� � � � � �

415



&RQVXOWDQW�,GHQWL¿�FDWLRQ�DQG�4XDOL¿�FDWLRQV ��������������������������������� �

3URMHFW�8QGHUVWDQGLQJ�DQG�$SSURDFK���������������������������������������� ���

4XDOLW\�$VVXUDQFH�4XDOLW\�&RQWURO����������������������������������������������� �

5HODWHG�3URMHFW�&OLHQW�,QIRUPDWLRQ ������������������������������������������ ���

,QGLYLGXDO�6WDÑ��([SHULHQFH�DQG�3URMHFW�2UJDQL]DWLRQ���������������������

([FHSWLRQV��������������������������������������������������������������������������������

$SSHQGL[

)XOO�3URMHFW�'HVFULSWLRQV

)XOO�5HVXPHV�RI�.H\�6WDÑ�

6FKHGXOH

)LHOG�6DPSOLQJ�3ODQ

([DPSOH�2SHUDWLRQ�DQG�0DLQWHQDQFH�5HSRUW

&RVW�3URSRVDO������������������������������������������������,Q�VHSDUDWH�HQYHORSH

416



*HRWHFKQLFDO�&RQVXOWLQJ�	�(QJLQHHULQJ

��*HRWHFKQLFDO�,QYHVWLJDWLRQV

��)RXQGDWLRQ�(QJLQHHULQJ

��&,'+�3LOH�0LWLJDWLRQ

��5HWDLQLQJ�:DOO�'HVLJQ

��6ORSH�6WDELOLW\�(YDOXDWLRQV

��(DUWK�'DP�'HVLJQ

��6KRULQJ�'HVLJQ

��'LVWUHVVHG�6WUXFWXUH�(YDOXDWLRQV

��/LWLJDWLRQ�6XSSRUW

(QYLURQPHQWDO�&RQVXOWLQJ�	�+\GURJHRORJ\

��3KDVH�,�	�,,�(QYLURQPHQWDO�6LWH�$VVHVVPHQWV

��6RLO�	�*URXQGZDWHU�(YDOXDWLRQV

��/HDNLQJ�8QGHUJURXQG�6WRUDJH�7DQNV��/867�

��$EDQGRQHG�0LQH�/DQG��$0/��$VVHVVPHQWV

��3UHOLPLQDU\�(QGDQJHUPHQW�$VVHVVPHQWV��3($�

��(QJLQHHULQJ�(YDOXDWLRQ�&RVW�$QDO\VLV��((�&$�

��&(5&/$�5HPHGLDO�6LWH�,QYHVWLJDWLRQV

��*URXQGZDWHU�0RGHOLQJ�	�+\GURJHRORJ\�

(YDOXDWLRQV

��6WRUP�:DWHU�3ROOXWLRQ�3UHYHQWLRQ�3ODQV��6:333�

��6RLO�	�*URXQGZDWHU�5HPHGLDWLRQ

��6ROLG�DQG�/LTXLG�:DVWH�7UHDWPHQW�)DFLOLWLHV

��$VEHVWRV�'XVW�0LWLJDWLRQ�3ODQV�	�0RQLWRULQJ�

��/LWLJDWLRQ�6XSSRUW

6ROLG�:DVWH�(QJLQHHULQJ

��/DQG¿�OO�'HVLJQ

��&RQVWUXFWLRQ�4XDOLW\�$VVXUDQFH

��5HJXODWRU\�&RPSOLDQFH

��:DWHU�4XDOLW\�0RQLWRULQJ�	�5HSRUWLQJ

��/DQG¿�OO�*DV�0RQLWRULQJ�	�5HSRUWLQJ

*HRORJ\�	�+\GURJHRORJ\

��*HRORJLF�+D]DUGV�5HSRUWV�IRU�6FKRROV�	�+RVSLWDOV

��*HRORJLF�0DSSLQJ

��$OTXLVW�3ULROR�)DXOW�=RQH�6WXGLHV�	�)DXOW�(YDOXDWLRQ�

��*HRSK\VLFDO�6HUYLFHV

��*URXQG�3HQHWUDWLQJ�5DGDU

&RQVWUXFWLRQ�4XDOLW\�$VVXUDQFH

��6SHFLDO�,QVSHFWLRQ�DQG�0DWHULDOV�7HVWLQJ��

LQFOXGLQJ�6WUXFWXUDO�6WHHO��5HLQIRUFHG�6WUXFWXUDO�

&RQFUHWH��5HLQIRUFHG�6WUXFWXUDO�0DVRQU\��6SUD\�

$SSOLHG�)LUHSURR¿�QJ��(QJLQHHUHG�)LOO��+RW�0L[�

$VSKDOW��3RVW�,QVWDOOHG�$QFKRUV��&DVW�LQ�3ODFH�

3LOHV��6RLO�DQG�5RFN�$QFKRUV

��&RQVWUXFWLRQ�0DQDJHPHQW

+ROGUHJH�	�.XOO�&RQVXOWLQJ�(QJLQHHUV�DQG�

*HRORJLVWV��+	.��LV�D�PXOWL�GLVFLSOLQH�FRQVXOWLQJ�

¿�UP��LQFRUSRUDWHG�LQ������LQ�1HYDGD�&LW\��

&$��+	.�SURYLGHV�JHRWHFKQLFDO�HQJLQHHULQJ��

HQYLURQPHQWDO�HQJLQHHULQJ��DQG�FRQVWUXFWLRQ�

TXDOLW\�DVVXUDQFH�VHUYLFHV�IRU�SXEOLF�DQG��

SULYDWH�SURMHFWV��LQFOXGLQJ�ODQG¿�OOV��URDGZD\V�

DQG�EULGJHV��VFKRROV��HVVHQWLDO�VHUYLFHV�

IDFLOLWLHV��GDPV�DQG�UHVHUYRLUV��SKRWRYROWDLFV��

DQG�FRPPXQLFDWLRQ�WRZHUV�

2XU�FRQVWUXFWLRQ�TXDOLW\�DVVXUDQFH�VHUYLFHV��

LQFOXGLQJ�PDWHULDOV�WHVWLQJ�DQG�LQVSHFWLRQ��DUH�

VXSSRUWHG�E\�RXU�PDWHULDOV�WHVWLQJ�ODERUDWRULHV��

ZKLFK�DUH�IXOO\�DSSURYHG�E\�'6$��&DOWUDQV��

$$6+72��DQG�WKH�$UP\�&RUS�RI�(QJLQHHUV��

+	.¶V�FRUSRUDWH�RÒ��FH�LV�ORFDWHG�LQ�1HYDGD�

&LW\���ZLWK�EUDQFK�RÒ��FHV�ORFDWHG�LQ�&KLFR��<XED�

&LW\��7UXFNHH��0XUSK\V��DQG�)UHVQR��,W�LV�IURP�

RXU�&KLFR�RÒ��FH�WKDW�ZRUN�IRU�WKLV�FRQWUDFW�

ZLOO�EH�IDFLOLWDWHG��7KH�RÒ��FH�LV�ORFDWHG�DW����

%HOODUPLQH�&RXUW��6XLWH�����&KLFR��&$�������

2XU����SHUVRQ�VWDÑ��LQFOXGHV�HQJLQHHUV��

JHRORJLVWV��K\GURJHRORJLVWV��¿�HOG�HQJLQHHULQJ�

WHFKQLFLDQV�DQG�LQVSHFWRUV��DQG�ODERUDWRU\�

WHFKQLFLDQV��+HLGL�&XPPLQJV��3*��46'�463��ZLOO�

VHUYH�DV�WKH�SURMHFW�PDQDJHU�DQG�SULPDU\�SRLQW�

RI�FRQWDFW�IRU�WKLV�FRQWUDFW��6KH�FDQ�EH�UHDFKHG�

DW���������������F�����������������R���DQG�E\�

HPDLO�DW�+&XPPLQJV#+DQG.�QHW��7KH�SULQFLSDO�

LQ�FKDUJH��ZKR�FDQ�OHJDOO\�ELQG�+	.�WR�WKLV�

FRQWUDFW��ZLOO�EH�6KDQH�&XPPLQJV��3*��&(*��

&+*��+H�FDQ�EH�UHDFKHG�DW��������������DQG�

E\�HPDLO�DW�6'&XPPLQJV#+DQG.�QHW�

+	.�SURYLGHG�JHRWHFKQLFDO�HQJLQHHULQJ�

GHVLJQ��FRQVWUXFWLRQ�TXDOLW\�DVVXUDQFH��DQG�

HQYLURQPHQWDO�PRQLWRULQJ�IRU�WKH�/LQFROQ�

/DQG¿�OO�IURP������WKURXJK�������2WKHU�+	.�

ODQG¿�OO�SURMHFWV�KDYH�LQFOXGHG�WKH�(DVWHUQ�

5HJLRQDO�/DQG¿�OO�LQ�3ODFHU�&RXQW\��WKH�1HDO�

5RDG�/DQG¿�OO�LQ�%XWWH�&RXQW\��DQG�WKH�

0F&RXUWQH\�5RDG�/DQG¿�OO�LQ�1HYDGD�&RXQW\�
417



7KLV�VHFWLRQ�GHVFULEHV�WKH�SURSRVHG�VFRSH�RI�ZRUN�IRU�VHPL�DQQXDO�PRQLWRULQJ�DQG�UHSRUWLQJ�DQG�

RSHUDWLRQ�DQG�PDLQWHQDQFH��2	0��RI�WKH�FXWRÑ��WUHQFK�GHZDWHULQJ�V\VWHP�IRU�WKH�&ORVHG�/LQFROQ�

/DQG¿�OO�IRU�D�WKUHH�\HDU�VHUYLFH�DJUHHPHQW��7KH�ZRUN�WDVNV�GHVFULEHG�KHUHLQ�DUH�EDVHG�RQ�+	.¶V�

SURMHFW�XQGHUVWDQGLQJ��¿�UVW�KDQG�H[SHULHQFH�DW�WKH�&ORVHG�/LQFROQ�/DQG¿�OO��DQG�H[SHULHQFH�RQ�

VLPLODU�SURMHFWV�LQ�1RUWKHUQ�&DOLIRUQLD��

7KH�&ORVHG�/LQFROQ�/DQG¿�OO�LV�DQ�XQOLQHG�&ODVV�,,,�ODQG¿�OO�WKDW�ZDV�KLVWRULFDOO\�RSHUDWHG�DV�D�EXUQ�

GXPS�IURP������WR������DQG�ZDV�FORVHG�LQ������E\�WKH�SODFHPHQW�RI�D�ORZ�K\GUDXOLF�FRQGXFWLYLW\�

FOD\�FRYHU��3RVW�FORVXUH�PDLQWHQDQFH�DFWLYLWLHV�DQG�JURXQGZDWHU�DQG�VXUIDFH�ZDWHU�PRQLWRULQJ�KDYH�

EHHQ�RQJRLQJ�VLQFH������LQ�JHQHUDO�DFFRUGDQFH�ZLWK�WKH�5HJLRQDO�:DWHU�4XDOLW\�&RQWURO�%RDUG�

�5:4&%��:DVWH�'LVFKDUJH�5HTXLUHPHQWV��:'5V��DQG�0RQLWRULQJ�DQG�5HSRUWLQJ�3URJUDP��053��

2GHU�1R��5�������������,Q�������WKH�5:4&%�LVVXHG�&OHDQXS�DQG�$EDWHPHQW�2UGHU��&$2��1R��

5�������������UHTXLULQJ�D�FRUUHFWLYH�DFWLRQ�EH�LPSOHPHQWHG�WR�PDLQWDLQ�¿�YH�IHHW�RI�VHSDUDWLRQ�

EHWZHHQ�WKH�ERWWRP�RI�WKH�ZDVWH�WUHQFKHV�DQG�WKH�JURXQGZDWHU�WDEOH��,Q�������D�SHULPHWHU�FXWRÑ��

WUHQFK�GHZDWHULQJ�V\VWHP�ZDV�FRQVWUXFWHG�DW�WKH�VLWH�WR�SUHYHQW�WKH�JURXQGZDWHU�IURP�LQWHUVHFWLQJ�

WKH�ERWWRP�RI�WKH�ZDVWH�WUHQFKHV�DQG�WR�PDLQWDLQ�D�PLQLPXP�VHSDUDWLRQ�RI�¿�YH�IHHW�EHWZHHQ�WKH�

ZDVWH�DQG�WKH�ZDWHU�WDEOH��7KH�FRPSOLDQFH�HOHYDWLRQ�IRU�JURXQGZDWHU�DW�WKH�VLWH�LV�������IHHW�

DERYH�PHDQ�VHD�OHYHO�

7KH�&ORVHG�/LQFROQ�/DQG¿�OO�KDV�D�JURXQGZDWHU�PRQLWRULQJ�ZHOO�QHWZRUN�WKDW�LV�FRPSULVHG�RI�

���JURXQGZDWHU�PRQLWRULQJ�ZHOOV�DQG�WZR�VXUIDFH�ZDWHU�PRQLWRULQJ�SRLQWV�LQ�$XEXUQ�5DYLQH��

6WRUPZDWHU�LV�PRQLWRUHG�DW�IRXU�ORFDWLRQV�RQ�WKH�VLWH�LQ�SHULPHWHU�GLWFKHV��7KH�SHULPHWHU�FXWRÑ��

WUHQFK�GHZDWHULQJ�V\VWHP�LV�FRPSULVHG�RI�������OLQHDO�IHHW�RI�FUXVKHG�URFN�¿�OOHG�WUHQFK�H[WHQGLQJ�

WKH�OHQJWK�RI�WKH�VLWH�SHULPHWHU��7KH�WUHQFKHV�DUH�JUDGHG�WR�GUDLQ�WRZDUG�IRXU�VXPSV�¿�WWHG�ZLWK�

OHYHO�DFWXDWHG�SXPSV��ZKHUH�WKH�ZDWHU�LV�SXPSHG�WR�WKH�QRUWK�VLGH�RI�WKH�VLWH�YLD�IRUFH�PDLQ�WR�

JUDYLW\�GLVFKDUJH�SLSLQJ�WKDW�H[WHQGV�ZHVW�EHQHDWK�9LUJLQLDWRZQ�5RDG�IRU�GLVSRVDO�LQ�WKH�&LW\�RI�

/LQFROQ�VDQLWDU\�VHZHU��

7KH�IROORZLQJ�VHFWLRQV�LQFOXGH�D�GLVFXVVLRQ�RI�KHDOWK�	�VDIHW\�UHTXLUHPHQWV��D�VFRSH�RI�ZRUN�IRU�

VDPSOLQJ�DQG�DQDO\VLV�RI�HQYLURQPHQWDO�PHGLD��IDFLOLW\�PRQLWRULQJ�DQG�PDLQWHQDQFH��ZDWHU�TXDOLW\�

UHSRUWLQJ��DQG�WDVNV�DVVRFLDWHG�ZLWK�WKH�FXWRÑ��WUHQFK�GHZDWHULQJ�V\VWHP�2	0��

+HDOWK�DQG�6DIHW\

+	.�ZLOO�SUHSDUH�D�6LWH�6DIHW\�3ODQ��663��WKDW�LGHQWL¿�HV�WKH�DQWLFLSDWHG�KD]DUGV�DVVRFLDWHG�ZLWK�

¿�HOG�ZRUN�DQG�VDPSOH�KDQGOLQJ�DQG�GHVFULEHV�WKH�SURWRFROV�WKDW�+	.�SHUVRQQHO�ZLOO�LPSOHPHQW�

IRU�PLWLJDWLQJ�WKRVH�KD]DUGV��7KH�663�ZLOO�EH�SUHSDUHG�LQ�DFFRUGDQFH�ZLWK�WKH�JXLGHOLQH�VHW�

IRUWK�LQ�&DOLIRUQLD�+D]DUGRXV�:DVWH�2SHUDWLRQV�6WDQGDUG��6HFWLRQ������RI�7LWOH���RI�WKH�&RGH�RI�

&DOLIRUQLD�5HJXODWLRQV����&&5��������WKH�+D]DUGRXV�&RPPXQLFDWLRQV�6WDQGDUG����&&5�������

DQG�26+$¶V�6DIHW\�DQG�+HDOWK�6WDQGDUG�RI�7LWOH����RI�WKH�&RGH�RI�)HGHUDO�5HJXODWLRQV�����&)5�

�������������&)5��������+	.�SHUVRQQHO�DVVLJQHG�WR�RQVLWH�¿�HOG�RSHUDWLRQV�ZLOO�EH�FHUWL¿�HG�XQGHU�

WKH�2FFXSDWLRQDO�6DIHW\�DQG�+HDOWK�$GPLQLVWUDWLRQ��26+$��+D]DUGRXV�:DVWH�2SHUDWLRQV�DQG�

(PHUJHQF\�5HVSRQVH�6WDQGDUG�����&)5������� 418



6DPSOLQJ��,QVSHFWLRQ��5HSDLU��DQG�5HSRUWLQJ�5HTXLUHPHQWV�RI�WKH�053�DQG�&RUUHFWLYH�

$FWLRQ�:RUN�3ODQ

+	.�ZLOO�EH�UHVSRQVLEOH�IRU�WKH�PRQLWRULQJ�DQG�UHSRUWLQJ�RI�JURXQGZDWHU��OHDFKDWH�VHHSV��DQG�

VXUIDFH�ZDWHU��DQG�IRU�IDFLOLW\�PRQLWRULQJ�DQG�PLQRU�UHSDLUV�DVVRFLDWHG�ZLWK�DQQXDO�PDLQWHQDQFH�

DV�UHTXLUHG�E\�WKH�5)3�DQG�DV�VSHFL¿�HG�LQ�WKH�:'5�053�2GHU�1R��5�������������,Q�DGGLWLRQ��

+	.�ZLOO�EH�UHVSRQVLEOH�IRU�WKH�ORQJ�WHUP�2	0�RI�WKH�SHULPHWHU�FXWRÑ��WUHQFK�GHZDWHULQJ�V\VWHP��

LQFOXGLQJ�ZHHNO\�UHPRWH�PRQLWRULQJ�RI�WKH�WHOHPHWU\�V\VWHP��VDPSOLQJ��V\VWHP�PRQLWRULQJ��DQG�

UHSRUWLQJ�DV�VSHFL¿�HG�LQ�&$2�1R��5������������DQG�WKH�&RUUHFWLYH�$FWLRQ�:RUN�3ODQ�GHYHORSHG�E\�

+ROGUHJH�	�.XOO��GDWHG�6HSWHPEHU�����������+	.�SURSRVHV�WR�SHUIRUP�WKH�IROORZLQJ�WDVNV�WR�PHHW�

5:4&%�UHTXLUHPHQWV�

*URXQGZDWHU�0RQLWRULQJ�

7KH�JURXQGZDWHU�PRQLWRULQJ�ZHOO�QHWZRUN�FRQVLVWV�RI����JURXQGZDWHU�PRQLWRULQJ�ZHOOV��0RQLWRULQJ�

ZHOOV�0:����0:����0:����0:����DQG�0:����DUH�FRQVLGHUHG�EDFNJURXQG�SRLQWV��0RQLWRULQJ�ZHOOV�

0:����0:����0:����0:����0:�����0:�����DQG�0:����WKURXJK�0:����DUH�GRZQ�JUDGLHQW�

FURVV�JUDGLHQW�RI�WKH�ZDVWH�XQLW��:HOOV�0:����0:����0:����DQG�0:����DUH�FRQVLGHUHG�SRLQWV�

RI�FRPSOLDQFH��$7&�*URXS�6HUYLFHV�>$7&@���������2QH�DGGLWLRQDO�ZHOO��0:�����DQG�WZR�GXDO�

FRPSOHWLRQ�SLH]RPHWHUV�H[LVW�LQWHULRU�WR�WKH�VLWH�DQG�DUH�XVHG�DORQJ�ZLWK�RWKHU�VLWH�ZHOOV�IRU�

HYDOXDWLQJ�WKH�HÑ�HFWLYHQHVV�RI�WKH�SHULPHWHU�FXWRÑ��WUHQFK�GHZDWHULQJ�V\VWHP�LQ�ORZHULQJ�WKH�

JURXQGZDWHU�WDEOH�WR�WKH�FRPSOLDQFH�HOHYDWLRQ�RI�������IHHW�PHDQ�VHD�OHYHO��6WDWLF�JURXQGZDWHU�

OHYHOV�ZLOO�EH�PHDVXUHG�LQ�HDFK�RI�WKH�VLWH�PRQLWRULQJ�ZHOOV�RQ�D�TXDUWHUO\�EDVLV��DQG�JURXQGZDWHU�

VDPSOLQJ�DQG�DQDO\VLV�ZLOO�EH�SHUIRUPHG�RQ�D�VHPLDQQXDO�EDVLV�ZLWK�WKH�¿�YH�\HDU�FRQVWLWXHQWV�RI�

FRQFHUQ��&2&��LQFOXGHG�LQ�WKH�¿�UVW�KDOI�RI�WKH������PRQLWRULQJ�HYHQW��$�)LHOG�6DPSOLQJ�3ODQ��)63��

LV�SURYLGHG�LQ�WKH�$SSHQGL[�RI�WKLV�SURSRVDO��7KH�)63�GLVFXVVHV�WKH�¿�HOG�SURFHGXUHV�DQG�TXDOLW\�

FRQWURO�SURFHGXUHV�WKDW�+	.�ZLOO�HPSOR\�IRU�WKH�&ORVHG�/LQFROQ�/DQG¿�OO�SURMHFW�

$V�QRWHG�LQ�6HFWLRQ�����RI�WKH�$QQXDO�0RQLWRULQJ�5HSRUW������E\�$7&�GDWHG�-DQXDU\�����������

JURXQGZDWHU�PRQLWRULQJ�ZHOO�0:���VKRXOG�EH�UHPRYHG�IURP�IXUWKHU�PRQLWRULQJ�EHFDXVH�RI�LWV�

JHRJUDSKLFDO�SUR[LPLW\�WR�DQG�VLPLODU�FRQVWUXFWLRQ�DQG�JURXQGZDWHU�TXDOLW\�RI�0:����+	.�ZLOO�

IXUWKHU�HQJDJH�ZLWK�WKH�5:4&%�WR�JDLQ�DSSURYDO�RI�WKLV�FRVW�VDYLQJV�PHDVXUH�WR�HOLPLQDWH�WKLV�DQG�

RWKHU�SRWHQWLDO�UHGXQGDQFLHV�LQ�WKH�PRQLWRULQJ�SURJUDP��

/HDFKDWH�0RQLWRULQJ

/HDFKDWH�PRQLWRULQJ�LV�UHTXLUHG�DV�SDUW�RI�VHPL�DQQXDO�VWDQGDUG�REVHUYDWLRQV�GHVFULEHG�EHORZ�

XQGHU�)DFLOLW\�0RQLWRULQJ��2EVHUYHG�OHDFKDWH�VHHSV�ZLOO�EH�VDPSOHG�DQG�DQDO\]HG�IRU�WKH�PRQLWRULQJ�

SDUDPHWHUV�DQG�&2&V�OLVWHG�LQ�WKH�053�DQG�UHSRUWHG�WR�WKH�&LW\�RI�/LQFROQ�DV�VRRQ�DV�SRVVLEOH�WR�

FRPSO\�ZLWK�:'5�UHSRUWLQJ�UHTXLUHPHQWV�OLVWHG�LQ�6HFWLRQ�)����$OWKRXJK�WKH�RFFXUHQFH�RI�OHDFKDWH�

VHHSV�LV�QRW�DQWLFLSDWHG�EDVHG�RQ�VLWH�KLVWRU\��+	.�DVVXPHV��IRU�FRVW�HVWLPDWLQJ�SXUSRVHV��WKDW�RQH�

OHDFKDWH�VDPSOH�SHU�FRQWUDFW�\HDU�ZLOO�EH�DQDO\]HG�IRU�WKH�PRQLWRULQJ�SDUDPHWHUV�DQG�¿�YH�\HDU�

&2&V��/HDFKDWH�VHHSV�ZLOO�EH�VDPSOHG�LQ�DFFRUGDQFH�ZLWK�WKH�)63�SURYLGHG�LQ�WKH�$SSHQGL[�
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6XUIDFH�:DWHU�0RQLWRULQJ

6WRUPZDWHU

$FFRUGLQJ�WR�WKH�053�VWRUPZDWHU�UXQRÑ��IURP�WKH�VLWH�LV�WR�EH�PRQLWRUHG�XQGHU�WKH�6WDWH�:DWHU�

5HVRXUFHV�&RQWURO�%RDUG�,QGXVWULDO�*HQHUDO�3HUPLW��,*3��2UGHU�1R��������':��7KLV�RUGHU�LV�

VXSHUVHGHG�E\�QHZ�,*3�2UGHU�1R������������':4�ZKLFK�EHFDPH�HÑ�HFWLYH�-XO\����������7KH�

QHZ�RUGHU�UHTXLUHG�DOO�IDFLOLWLHV�VXEMHFW�WR�WKH�,*3�WR�UHQHZ�WKHLU�SHUPLWV�XQGHU�WKH�QHZ�RUGHU�E\�

VXEPLWWLQJ�DQ�DQQXDO�IHH��DQG�SHUPLW�UHJLVWUDWLRQ�GRFXPHQWV�LQFOXGLQJ��D�1RWLFH�RI�,QWHQW��VLWH�

PDS��DQG�6WRUPZDWHU�3ROOXWLRQ�3UHYHQWLRQ�3ODQ��

+	.�XQGHUVWDQGV��EDVHG�RQ�FRQYHUVDWLRQ�ZLWK�&LW\�VWDÑ��SULRU�WR�WKH�HÑ�HFWLYH�GDWH�RI�WKH�QHZ�

,*3��WKDW�WKH�5:4&%�GLG�QRW�UHTXLUH�SHUPLW�UHQHZDO�IRU�WKH�&ORVHG�/LQFROQ�/DQG¿�OO�EHFDXVH�WKH�

VLWH�LV�FORVHG�DQG�VXEMHFW�WR�WKH�7LWOH����SRVW�FORVXUH�PDLQWHQDQFH�UHTXLUHPHQWV��7KH�SRVW�

FORVXUH�PDLQWHQDQFH�UHTXLUHPHQWV�LQFOXGH�PDLQWHQDQFH�RI�PRQLWRULQJ�V\VWHPV�DQG�PRQLWRULQJ�RI�

JURXQGZDWHU��VXUIDFH�ZDWHU��DQG�WKH�XQVDWXUDWHG�]RQH�LQ�DFFRUGDQFH�ZLWK�WKH�UHTXLUHPHQWV�RI�7LWOH�

����6HFWLRQ��������0RQLWRULQJ�RI�WKH�VWRUPZDWHU��WKHUHIRUH���LV�WR�EH�FRQGXFWHG�LQ�DFFRUGDQFH�ZLWK�

D�GHWHFWLRQ��HYDOXDWLRQ��RU�FRUUHFWLYH�DFWLRQ�PRQLWRULQJ�SURJUDP��%HFDXVH�WKH�053�ZDV�ZULWWHQ�

SULRU�WR�WKH�HÑ�HFWLYH�GDWH�RI�WKH�QHZ�,*3�2UGHU�1R������������':4�LW�GRHV�QRW�LQGLFDWH�ZKLFK�

PRQLWRULQJ�SURJUDP�WKH�VWRUPZDWHU�LV�VXEMHFW�WR��

+	.�DVVXPHV�WKDW�VWRUPZDWHU�ZLOO�EH�VDPSOHG�DW�WKH�WZR�ORFDWLRQV��6:���DQG�6:����VSHFL¿�HG�

LQ�WKH�053�WZLFH�D�\HDU�DQG�DQDO\]HG�IRU�WKH�¿�HOG�DQG�PRQLWRULQJ�SDUDPHWHUV�OLVWHG�LQ�053�7DEOH�

(����6WRUPZDWHU�VDPSOHV�ZLOO�EH�FROOHFWHG�LQ�DFFRUGDQFH�ZLWK�WKH�SURFHGXUHV�GHVFULEHG�LQ�WKH�)63�

�$SSHQGL[���+	.�ZLOO�DOVR�ZRUN�ZLWK�WKH�5:4&%�WR�REWDLQ�ZULWWHQ�FODUL¿�FDWLRQ�RI�WKH�PRQLWRULQJ�

UHTXLUHPHQWV�IRU�VWRUPZDWHU�DW�WKH�VLWH��

6XUIDFH�:DWHU

6XUIDFH�ZDWHU�LQ�$XEXUQ�5DYLQH�LV�WR�EH�PRQLWRUHG�VHPLDQQXDOO\�DW�WZR�ORFDWLRQV��$5�(�DQG�$5�:��

IRU�WKH�¿�HOG�DQG�PRQLWRULQJ�SDUDPHWHUV�OLVWHG�LQ�053�7DEOH�(����+	.�DQWLFLSDWHV�WKDW���\HDU�&2&�

PRQLWRULQJ�LV�QRW�UHTXLUHG�EDVHG�RQ�VXUIDFH�ZDWHU�PRQLWRULQJ�UHVXOWV�DQG�FRQFOXVLRQV��SUHVHQWHG�LQ�

WKH�$QQXDO�0RQLWRULQJ�5HSRUW�������$7&���������WKDW�LQGLFDWH�VXUIDFH�ZDWHU�LQ�$XEXUQ�5DYLQH�KDV�

QRW�EHHQ�LPSDFWHG�E\�WKH�UHOHDVH�WR�JURXQGZDWHU��6DPSOLQJ�ZLOO�EH�FRQGXFWHG�LQ�DFFRUGDQFH�ZLWK�

WKH�)63��$SSHQGL[��

)DFLOLW\�0RQLWRULQJ�

+	.�ZLOO�FRQGXFW�VWDQGDUG�REVHUYDWLRQV�RI�WKH�IDFLOLW\�DQG�UHFHLYLQJ�ZDWHUV��$XEXUQ�5DYLQH��RQ�D�

VHPL�DQQXDO�EDVLV�LQ�DFFRUGDQFH�ZLWK�6HFWLRQ�*�RI�WKH�053��5HSDLUV�LGHQWL¿�HG�GXULQJ�WKH�VWDQGDUG�

REVHUYDWLRQV�	�RUGLQDU\�PDLQWHQDQFH�LQVSHFWLRQV�ZLOO�EH�FRQGXFWHG�LQ�DFFRUGDQFH�ZLWK�WKH�$QQXDO�

0DLQWHQDQFH�WDVN�GHVFULEHG�EHORZ�DQG�LPSOHPHQWHG�ZLWKLQ�WKH�UHTXLUHG����GD\V�RI�HDFK�LQVSHFWLRQ��

+	.�DVVXPHV�WKDW�WKH�&LW\�RI�/LQFROQ�ZLOO�EH�UHVSRQVLEOH�IRU�PRQWKO\�LQVSHFWLRQV�RI�WKH�ODQG¿�OO�

UHTXLUHG�E\�053�6HFWLRQ�*����
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6WRUPZDWHU�&RQWUROV�	�6LWH�:LQWHUL]DWLRQ

+	.�ZLOO�LQVSHFW�SUHFLSLWDWLRQ��GLYHUVLRQ��DQG�GUDLQDJH�IDFLOLWLHV�ZLWKLQ�VHYHQ�GD\V�DIWHU�PDMRU�

VWRUP�HYHQWV��+	.�SURSRVHV�WKDW�D�PDMRU�VWRUP�HYHQW��IRU�SXUSRVHV�RI�WKLV�SURSRVDO��VKDOO�EH�D�

VWRUP�HYHQW�ZKLFK�SURGXFHV�WZR�RU�PRUH�LQFKHV�RI�UDLQ�ZLWKLQ�D����KRXU�SHULRG��:HDWKHU�IRUHFDVWV�

ZLOO�EH�PRQLWRUHG�XVLQJ�WKH�1DWLRQDO�:HDWKHU�6HUYLFH�:HE�VLWH��ZZZ�VUK�QRDD�JRY����DQG�D�UDLQ�

JDXJH�ZLOO�EH�LQVWDOOHG�DW�WKH�VLWH��,W�LV�DVVXPHG�WKDW�WKH�&LW\�RI�/LQFROQ�ZLOO�FKHFN�WKH�UDLQ�JDXJH�

IROORZLQJ�D�PDMRU�VWRUP�HYHQW��5HSDLU�RI�LWHPV�LGHQWL¿�HG�GXULQJ�WKH�SRVW�VWRUP�HYHQW�LQVSHFWLRQV�

ZLOO�EH�SURYLGHG�E\�+	.�DV�SDUW�RI�$QQXDO�0DLQWHQDQFH�DFWLYLWLHV�ZLWKLQ����GD\V�RI�WKH�LQVSHFWLRQ��

7KH�UHSRUW�RI�GDPDJH�DQG�VXEVHTXHQW�UHSDLUV�ZLOO�EH�VXEPLWWHG�WR�WKH�5:4&%�ZLWKLQ����GD\V�RI�

FRPSOHWLRQ�RI�WKH�UHSDLUV�

+	.�ZLOO�FRQGXFW�WKH�DQQXDO�ZLQWHUL]DWLRQ�LQVSHFWLRQ�LQ�DQWLFLSDWLRQ�RI�WKH�UDLQ\�VHDVRQ��SULRU�WR�

6HSWHPEHU����RI�HDFK�\HDU��7KH�SXUSRVH�RI�WKH�LQVSHFWLRQ�LV�WR�LGHQWLI\�GDPDJH�WR�WKH�ODQG¿�OO�FRYHU��

JUDGH��SUHFLSLWDWLRQ�DQG�GUDLQDJH�FRQWUROV��DFFHVV�URDGV��HWF��5HSDLU�RI�LWHPV�LGHQWL¿�HG�GXULQJ�WKH�

ZLQWHUL]DWLRQ�LQVSHFWLRQ�ZLOO�EH�SURYLGHG�E\�+	.�E\�2FWREHU����RI�HDFK�\HDU��$�ZLQWHUL]DWLRQ�UHSRUW�

ZLOO�EH�VXEPLWWHG�E\�1RYHPEHU����RI�HDFK�\HDU�WKDW�LQFOXGHV�D�GLVFXVVLRQ�RI�LQVSHFWLRQ�¿�QGLQJV�DQG�

UHSDLU�PHDVXUHV�LPSOHPHQWHG��LI�DQ\��DQG�SKRWRV�RI�WKH�SUREOHPV�UHSDLUV�

$QQXDO�0DLQWHQDQFH�

+	.�ZLOO�FRQGXFW�ZHHG�DEDWHPHQW�WR�PDLQWDLQ�WKH�¿�UH�EUHDN�DQG�PRZLQJ�WULPPLQJ�RI�YHJHWDWLRQ�

DW�WKH�VLWH��7KH�PRZLQJ�ZLOO�EH�FRPSOHWHG�XS�WR�¿�YH�WLPHV�GXULQJ�WKH�JURZLQJ�VHDVRQ��+	.�ZLOO�

SURYLGH�WKH�UHTXHVWHG�VLWH�UHSDLUV�RQ�DQ�DV�QHHGHG�EDVLV��%HFDXVH�WKH�QDWXUH�DQG�H[WHQW�RI�UHSDLUV�

DQG�H[DFW�QXPEHU�RI�ZHHG�DEDWHPHQW�PRZLQJ�HYHQWV�ZHUH�QRW�NQRZQ�DW�WKH�WLPH�RI�WKLV�SURSRVDO��

+	.�DVVXPHV�WKDW�WKHVH�DV�QHHGHG�UHSDLUV�DQG�PRZLQJ�ZLOO�QRW�H[FHHG�WKH�DQQXDO�GROODU�DPRXQWV�

OLVWHG�LQ�WKH�5HTXHVW�IRU�3URSRVDO�DQG�OLVWHG�LQ�WKH�VHSDUDWH�VHDOHG�FRVW�HVWLPDWH�SURYLGHG��+	.�

GRHV�QRW�DQWLFLSDWH�XVLQJ�VXEFRQWUDFWRUV�IRU�WKLV�HÑ�RUW�

2SHUDWLRQ�	�0DLQWHQDQFH

+	.�ZLOO�FRQGXFW�2	0�DFWLYLWLHV�ZHHNO\�DQG�TXDUWHUO\�DV�UHTXHVWHG�LQ�WKH�5)3�SHU�WKH�UHTXLUHPHQWV�

RI�WKH�&$2�DQG�&RUUHFWLYH�$FWLRQ�:RUN�3ODQ��7KH�UHPRWH�WHOHPHWU\�ZLOO�EH�PRQLWRUHG�RQ�D�ZHHNO\�

EDVLV�WR�FRQ¿�UP�FRQWLQXHG�RSHUDWLRQ�RI�WKH�WHOHPHWU\�DQG�RQJRLQJ�SXPSLQJ�RSHUDWLRQV��5HSRUWV�

ZLOO�EH�JHQHUDWHG�RQ�D�ZHHNO\�EDVLV�IURP�WKH�RQOLQH�XVHU�LQWHUIDFH�DQG�SURYLGHG�WR�WKH�&LW\��6\VWHP�

PRQLWRULQJ��JURXQGZDWHU�OHYHO�PHDVXUHPHQWV��DQG�JURXQGZDWHU�VDPSOLQJ�ZLOO�EH�FRQGXFWHG�RQ�

D�TXDUWHUO\�EDVLV��7KH�2	0�DFWLYLWLHV�WR�EH�SHUIRUPHG�DQG�SURFHGXUHV�DUH�GHVFULEHG�LQ�WKH�)63�

SURYLGHG�LQ�WKH�$SSHQGL[�

$QDO\WLFDO�/DERUDWRU\�7HVWLQJ

+	.�ZLOO�VXEFRQWUDFW�ZLWK�WKH�&DOLIRUQLD�FHUWL¿�HG�DQDO\WLFDO�WHVWLQJ�ODERUDWRU\��OLVWHG�LQ�WKH�

,QGLYLGXDO�6WDÑ��([SHULHQFH�6HFWLRQ�RQ�SDJH�����WR�SHUIRUP�WKH�UHTXLUHG�WHVWLQJ�RI�VLWH�

HQYLURQPHQWDO�VDPSOHV�LQ�DFFRUGDQFH�ZLWK�WKH�053�
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5HSRUWLQJ

+	.�ZLOO�SUHSDUH�UHTXLUHG�UHSRUWV�WR�SUHVHQW�WKH�ODERUDWRU\�UHVXOWV��REVHUYDWLRQV��GDWD�WUHQG�DQDO\VLV��

FRQWDPLQDQW�SOXPH�VL]H�HYDOXDWLRQ��FRUUHFWLYH�DFWLRQ�PRQLWRULQJ�DVVHVVPHQW��TXDOLW\�DVVXUDQFH�

TXDOLW\�FRQWURO��4$�4&��DVVHVVPHQW��PDLQWHQDQFH�DQG�UHSDLUV�IRU�VLWH�ZLQWHUL]DWLRQ�DFWLYLWLHV��&$2�

VWDWXV�UHSRUWLQJ��DQG�2	0�UHSRUWV��'UDIW�UHSRUWV�ZLOO�EH�SURYLGHG�WR�WKH�&LW\�RI�/LQFROQ�IRU�UHYLHZ�

DQG�FRPPHQW�D�PLQLPXP�RI�¿�YH�GD\V�SULRU�WR�WKH�5:4&%�GXH�GDWH��)LQDO�UHSRUWV�DQG�DVVRFLDWHG�

DQDO\WLFDO�GDWD�ZLOO�EH�XSORDGHG�WR�WKH�6:5&%¶V�*HRWUDFNHU�GDWDEDVH�RU�RWKHU�DV�UHTXLUHG��

3URMHFW�'HOLYHUDEOHV

+	.�ZLOO�SUHSDUH�GRFXPHQWV�IRU�WKH�&LW\�RI�/LQFROQ�XVLQJ�0LFURVRIW�:RUG��([FHO��DQG�$XWR&$'�/7�

5HOHDVH������RU�ODWHU��7KH�GRFXPHQWV�ZLOO�EH�SURYLGHG�WR�WKH�&LW\�RI�/LQFROQ�DV�ERXQG�UHSRUWV��

HOHFWURQLF�FRSLHV��DQG�FRPSDFW�GLVFV��7KH�VFKHGXOH�IRU�SURMHFW�GHOLYHUDEOHV�LV�SURYLGHG�LQ�WKH�

$SSHQGL[�RQ�SDJHV�$����±�$����

6FKHGXOH�

+	.�ZLOO�EHJLQ�LPSOHPHQWLQJ�WKH�HQYLURQPHQWDO�PRQLWRULQJ�DQG�UHSRUWLQJ�XSRQ�UHFHLSW�RI�WKH�QRWLFH�WR�

SURFHHG�IURP�WKH�&LW\�RI�/LQFROQ��,Q�JHQHUDO��WKH�053��DQG�&$2�UHTXLUHG�PRQLWRULQJ�ZLOO�EH�FRQGXFWHG�

GXULQJ�HDFK�VHPHVWHU��TXDUWHUO\�IRU�JURXQGZDWHU�OHYHO�PHDVXULQJ�DQG�2	0��DQG�PRQWKO\�IRU�IDFLOLW\�

PRQLWRULQJ��'DWD�YDOLGDWLRQ��VWDWLVWLFDO�DVVHVVPHQW��DQG�WKH�ZDWHU�TXDOLW\�SURWHFWLRQ�VWDQGDUG�HOHPHQWV�

ZLOO�EH�DGGUHVVHG�DQG�LQFOXGHG�LQ�WKH�053�UHTXLUHG�VHPL�DQQXDO�UHSRUW��6WRUPZDWHU�PRQLWRULQJ�LV�

DQWLFLSDWHG�WR�RFFXU�ZKHQHYHU�WKHUH�LV�D�GLVFKDUJH�RI�VWRUPZDWHU�IURP�WKH�VLWH��+	.�KDV�IRXU�VDPSOLQJ�

SHUVRQQHO�WKDW�VWDQG�UHDG\�WR�FRQGXFW�VWRUPZDWHU�PRQLWRULQJ��DQG�ZH�ZLOO�PDLQWDLQ�D�VDPSOLQJ�NLW�ZLWK�

WDVN�LQVWUXFWLRQV�DW�RXU�IDFLOLWLHV�IRU�UDSLG�GHSOR\PHQW�WR�FDSWXUH�VDPSOHV��3RVW�VWRUP�HYHQW�LQVSHFWLRQV�

ZLOO�RFFXU�DV�QHHGHG�ZLWKLQ�VHYHQ�GD\V�RI�D�PDMRU�VWRUP�HYHQW���

+	.¶V�TXDOLW\�DVVXUDQFH�SURJUDP�LV�GHVLJQHG�WR�HQDEOH�WKH�GHOLYHU\�RI�VHUYLFHV�WR�RXU�FOLHQWV�LQ�D�

FRQVLVWHQW�KLJK�TXDOLW\�PDQQHU�WKDW�PHHWV�RU�H[FHHGV�WKHLU�H[SHFWDWLRQV��7KH�TXDOLW\�SURFHGXUHV�

GHVFULEHG�LQ�+	.¶V�4XDOLW\�&RQWURO�0DQXDO��VXSSRUW�FRQVLVWHQF\�LQ�RXU�SURMHFWV�DQG�SURFHVVHV�

DQG��WKHUHIRUH��HQKDQFH�WKH�RYHUDOO�TXDOLW\�RI�WKH�ZRUN�SURGXFWV�DQG�VHUYLFHV�WKDW�ZH�GHOLYHU�WR�

RXU�FOLHQWV�ZKLOH�LPSURYLQJ�RXU�¿�QDQFLDO�SHUIRUPDQFH�DQG�OLPLWLQJ�RXU�OLDELOLWLHV��7KHVH�SURFHGXUHV�

DSSO\�WR�DOO�DFWLYLWLHV��ZKHWKHU�LQWHUQDO�RU�H[WHUQDO��DQG�WR�DOO�+	.�SHUVRQQHO�DVVRFLDWHG�ZLWK�

SURMHFW�SODQQLQJ��GHVLJQ��GHYHORSPHQW��HQJLQHHULQJ��ODERUDWRU\�WHVWLQJ��DQG�FRQVXOWLQJ�DFWLYLWLHV��

7KH�+	.�4XDOLW\�&RQWURO�0DQXDO�LV�DYDLODEOH�IRU�UHYLHZ�XSRQ�UHTXHVW�

$V�SDUW�RI�+	.¶V�FRPPLWPHQW�WR�GHOLYHULQJ�TXDOLW\�VHUYLFHV�DQG�WR�DVVXUH�WKDW�SURMHFW�TXDOLW\�

REMHFWLYHV�DUH�PHW�IRU�WKH�&LW\�RI�/LQFROQ�&ORVHG�/LQFROQ�/DQG¿�OO�SURMHFW��+	.�KDV�GHYHORSHG�D�

SURMHFW�VSHFL¿�F�)LHOG�6DPSOLQJ�3ODQ��)63��WKDW�LV�LQFOXGHG�LQ�WKH�$SSHQGL[��7KH�)63�SUHVHQWV��
LQ�VSHFL¿�F�WHUPV��WKH�UHTXLUHPHQWV�DQG�SURFHGXUHV�IRU�FRQGXFWLQJ�¿�HOG�RSHUDWLRQV��ODERUDWRU\�

DQDO\VLV�RI�HQYLURQPHQWDO�VDPSOHV��DQG�GDWD�UHGXFWLRQ�DQG�YHUL¿�FDWLRQ�SURFHGXUHV��7KH�)63�KDV�

EHHQ�SUHSDUHG�WR�HQVXUH�WKDW����WKH�GDWD�TXDOLW\�REMHFWLYHV�VSHFL¿�HG�IRU�WKLV�SURMHFW�DUH�PHW�����

WKH�¿�HOG�VDPSOLQJ�SURWRFROV�DUH�GRFXPHQWHG�DQG�UHYLHZHG�LQ�D�FRQVLVWHQW�PDQQHU��DQG����WKH�GDWD�

FROOHFWHG�DUH�VFLHQWL¿�FDOO\�YDOLG�DQG�GHIHQVLEOH�
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Proposal to provide Engineering Services on the Closed Lincoln Land� ll 

Monitoring Project for the City of Lincoln City Engineer Department

May 27, 20167

PROJECT REFERENCE
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Closed Lincoln Landfi ll
Placer County, CA

Facility Size: 6.3 acres
Estimated Cost: $346,000
Reference Info: See page A-2

Ray Leftwich, PE
City Engineer
City of Lincoln City Engineer’s Dept.
600 Sixth Street
Lincoln, CA 95648
916-434-2457
rleftwich@ci.lincoln.ca.us

X X X X X X X X X X

McCourtney Road Landfi ll
Grass Valley, CA

Facility Size: 244 acres
Estimated Cost: $2.3 million
Reference Info: See page A-1

David Garcia, Jr., PE
Transportation Planner
Nevada County Dept. of Public Works
950 Maidu Ave.
Nevada City, CA 95959
530-265-7038
david.garcia@co.nevada.ca.us

X X X X X X X X X X

Fulton Reclamation Facility
Glenn County, CA

Facility Size: 273 acres
Estimated Cost: $111,400
Reference Info: A-3

Carol Fulton
President
Fulton’s Reclamation Facility
3507 County Road M
Orland, CA 95963
530-865-3680
countrycarol3507@gmail.com

X X X X X X X X

The chart below provides an overview of H&K’s similar project experience. Detailed project descriptions are provided in the Appendix.

Related Project / Client Information
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4XDOLW\�&RQWURO

-DVRQ�0XLU��*(��46'�463

6WDÑ��*HRORJLVWV

%U\DQ�%RWVIRUG
&DE�(VSRVLWR

3URMHFW�(QJLQHHU

'RQ�2OVHQ��3(��&(*��&+*

6WDWLVWLFDO�(YDOXDWLRQ

*HRFKHP�$SSOLFDWLRQV

$QDO\WLFDO�6HUYLFHV

$OSKD�$QDO\WLFDO�/DERUDWRULHV��,QF�

3ULQFLSDO�LQ�&KDUJH

6KDQH�&XPPLQJV��3*��&(*��&+*

3URMHFW�0DQDJHU

+HLGL�&XPPLQJV��3*��46'�463

&LW\�RI�/LQFROQ

6KDQH�&XPPLQJV��3*��&(*��&+*��LV�D�3ULQFLSDO�*HRORJLVW�RI�+ROGUHJH�	�.XOO�DQG�2SHUDWLRQV�

0DQDJHU�RI�WKH�&KLFR�RÒ��FH��0U��&XPPLQJV�SHUIRUPV�DQG�RYHUVHHV�¿�HOG�LQYHVWLJDWLRQV�IRU�

JHRWHFKQLFDO�DQG�PDWHULDOV�WHVWLQJ�SURMHFWV��JHRORJLF�KD]DUGV�HYDOXDWLRQV��HQYLURQPHQWDO�

LQYHVWLJDWLRQV��HDUWKTXDNH�IDXOW�DQG�VXUIDFH�UXSWXUH�KD]DUGV��DLU�SKRWR�LQWHUSUHWDWLRQ��

HQYLURQPHQWDO�VLWH�DVVHVVPHQWV��DQG�UHPHGLDWLRQ�RI�FRQWDPLQDWHG�VLWHV��0U��&XPPLQJV¶V�

HQYLURQPHQWDO�H[SHULHQFH�LQFOXGHV�VRLO��JURXQGZDWHU�DQG�YDGRVH�]RQH�LQYHVWLJDWLRQV�DQG�

UHPHGLDWLRQ�RI�VLWHV�FRQWDPLQDWHG�E\�FKORULQDWHG�VROYHQWV��LQRUJDQLFV��SHWUROHXP�K\GURFDUERQV��

+ROGUHJH�	�.XOO�KDV�SURYLGHG�VHUYLFHV�RQ�QXPHURXV�ODQG¿�OO�SURMHFWV��LQFOXGLQJ�WKH�/LQFROQ�/DQG¿�OO��

6HUYLFHV�DW�/LQFROQ�/DQG¿�OO�KDYH�LQFOXGHG�GULOOLQJ�DQG�SLH]RPHWHU�FRQVWUXFWLRQ�WR�IDFLOLWDWH�

GHYHORSPHQW�RI�D�FRQFHSWXDO�VLWH�PRGHO�DQG�FRQFHSWXDO�GHVLJQ�RI�WKH�FXWRÑ��WUHQFK�GHZDWHULQJ�

V\VWHP��GHYHORSPHQW�RI�WKH�&RUUHFWLYH�$FWLRQ�:RUN�3ODQ��7HFKQLFDO�6SHFL¿�FDWLRQV��DQG�'HVLJQ�

GUDZLQJV�IRU�WKH�FXWRÑ��WUHQFK�GHZDWHULQJ�V\VWHP��SHUIRUPLQJ�FRQVWUXFWLRQ�TXDOLW\�DVVXUDQFH�IRU�

LQVWDOODWLRQ�RI�WKH�GHZDWHULQJ�V\VWHP��SHUIRUPLQJ�V\VWHP�VWDUWXS�DQG�2	0��DQG�SUHSDUDWLRQ�RI�

2	0�DQG�&$2�VWDWXV�UHSRUWV��,Q�DGGLWLRQ��+	.�DFWHG�DV�OLDLVRQ�ZLWK�WKH�5:4&%�WKURXJKRXW�WKH�

GHYHORSPHQW�DQG�LVVXDQFH�RI�WKH�&$2�WKURXJK�FRQVWUXFWLRQ�DQG�ZDV�LQVWUXPHQWDO�LQ�REWDLQLQJ�

ZULWWHQ�FRQ¿�UPDWLRQ�IURP�WKH�5:4&%�WKDW�WKH�&LW\�KDG�DFFRPSOLVKHG�VXEVWDQWLDO�FRPSOLDQFH�ZLWK�

WKH�&$2��2WKHU�ODQG¿�OO�SURMHFWV�KDYH�LQFOXGHG�WKH�0F&RXUWQH\�5RDG�/DQG¿�OO�LQ�1HYDGD�&RXQW\��WKH�

)XOWRQ�5HFODPDWLRQ�)DFLOLW\�LQ�*OHQQ�&RXQW\��WKH�(DVWHUQ�5HJLRQDO�/DQG¿�OO�LQ�3ODFHU�&RXQW\��DQG�WKH�

1HDO�5RDG�/DQG¿�OO�LQ�%XWWH�&RXQW\��7KH�FKDUW�EHORZ�JLYHV�D�VQDSVKRW�RI�ZRUN�SHUIRUPHG�RQ�UHODWHG�

SURMHFWV��0RUH�GHWDLOHG�SURMHFW�GHVFULSWLRQV�DUH�SURYLGHG�LQ�WKH�$SSHQGL[�RQ�SDJHV�$��±�$��
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SHVWLFLGHV��DQG�KHDY\�PHWDOV�IRU�ZKLFK�KH�KDV�SUHSDUHG�&RUUHFWLYH�$FWLRQ�3ODQV��)HDVLELOLW\�

6WXGLHV��DQG�5HPHGLDO�$FWLRQ�:RUNSODQV��+H�LV�WKH�SDVW�3UHVLGHQW�RI�WKH�)HDWKHU�5LYHU�%UDQFK�RI�

WKH�$PHULFDQ�6RFLHW\�RI�&LYLO�(QJLQHHUV��$6&(��DQG�D�6XEMHFW�0DWWHU�([SHUW�ZLWK�WKH�&DOLIRUQLD�

%RDUG�IRU�3URIHVVLRQDO�(QJLQHHUV��/DQG�6XUYH\RUV��DQG�*HRORJLVWV��%3(/6*���+H�DOVR�SUHSDUHV�WKH�

H[DPLQDWLRQV�IRU�OLFHQVXUH�DV�&HUWL¿�HG�+\GURJHRORJLVW��&+*��DQG�IRU�WKH�&DOLIRUQLD�6XSSOHPHQWDO�

&RPSRQHQW�WR�WKH�3URIHVVLRQDO�*HRORJLVW��3*��H[DPV�

+HLGL�&XPPLQJV��3*��46'�463��LV�D�6HQLRU�*HRORJLVW�ZLWK����\HDUV�RI�H[SHULHQFH��6KH�LV�D�

PHPEHU�RI�WKH�+ROGUHJH�	�.XOO�HQYLURQPHQWDO�WHDP��+	.¶V�6DIHW\�&RRUGLQDWRU��DQG�KDV�VHUYHG�

DV�D�VXEMHFW�PDWWHU�H[SHUW�IRU�WKH�%3(/6*��0V��&XPPLQJV�KDV�PDQDJHG�D�YDULHW\�RI�JHRORJLF�

DQG�K\GURJHRORJLF�HYDOXDWLRQ�SURMHFWV�WKDW�LQYROYHG�KLVWRULFDO�GDWD�UHYLHZ��LQLWLDO�LQYHVWLJDWLRQ��

IXOO�VLWH�FKDUDFWHUL]DWLRQ��UHPHGLDO�GHVLJQ�DQG�FRQVWUXFWLRQ��PRQLWRULQJ�DQG�UHPHG\�HYDOXDWLRQ��

DQG�VLWH�FORVXUH�IRU�IHGHUDO��VWDWH��FRXQW\��DQG�SULYDWH�SURMHFWV��6KH�KDV�HYDOXDWHG�JURXQGZDWHU�

GDWD�XVLQJ�VWLÑ���SLSHU��6FKRHOOHU�GLDJUDPV��DQG�JHRVSDWLDO�DQDO\VLV��GHYHORSHG�PRQLWRULQJ�DQG�

UHSRUWLQJ�SURJUDPV��DQDO\]HG�DTXLIHU�WHVW�GDWD�DQG�H[WUDFWLRQ�V\VWHP�GDWD��JHQHUDWHG�JHRORJLF�

DQG�K\GURVWUDWLJUDSKLF�FURVV�VHFWLRQV��DQG�GHVLJQHG�H[WUDFWLRQ�DQG�PRQLWRULQJ�ZHOO�V\VWHPV��6KH�

LV�UHVSRQVLEOH�IRU�TXDOLW\�FRQWURO�DQG�WHFKQLFDO�UHYLHZ�RI�VDPSOLQJ�DQG�DQDO\VLV�SODQV��KHDOWK�DQG�

VDIHW\�SODQV��PRQLWRULQJ�FRPSOLDQFH�UHSRUWV��UHPHGLDO�LQYHVWLJDWLRQ�UHSRUWV��FRUUHFWLYH�DFWLRQ�SODQV��

DQG�IHDVLELOLW\�VWXGLHV�

-DVRQ�:��0XLU��3(��*(��LV�D�SULQFLSDO�RI�+ROGUHJH�	�.XOO�DQG�PDQDJHU�RI�WKH�(QYLURQPHQWDO�

'LYLVLRQ�RI�WKH�1HYDGD�&LW\�RÒ��FH��+H�KDV�EHHQ�LQ�WKH�LQGXVWU\�DQG�ZLWK�WKH�¿�UP�IRU����\HDUV��

0U��0XLU�DQG�KLV�WHDP�KDYH�SHUIRUPHG�PRUH�WKDQ�����3KDVH�,�,,�HQYLURQPHQWDO�VLWH�DVVHVVPHQWV�

IRU�PXQLFLSDO��FRPPHUFLDO��UHVLGHQWLDO��DQG�WUDQVSRUWDWLRQ�LPSURYHPHQW�SURMHFWV��FKDUDFWHUL]LQJ�

DQG�PLWLJDWLQJ�HQYLURQPHQWDO�FRQGLWLRQV�VXFK�DV�OHDN\�8QGHUJURXQG�6WRUDJH�7DQNV��867V���OHDG�

FRQWDLQLQJ�SDLQW��/&3���QDWXUDOO\�RFFXUULQJ�DVEHVWRV��12$���DHULDOO\�GHSRVLWHG�OHDG��$'/���SHVWLFLGH�

UHOHDVHV��DQG�XQSHUPLWWHG�GLVSRVDO�VLWHV�SXUVXDQW�WR�ORFDO��VWDWH��DQG�IHGHUDO�JXLGHOLQHV�

'RQ�2OVHQ��3(��3*��&(*��&+*��LV�D�SULQFLSDO�RI�+ROGUHJH�	�.XOO�DQG�*HQHUDO�0DQDJHU�RI�WKH�

&KLFR�DQG�<XED�&LW\�RÒ��FHV��+H�KDV�EHHQ�LQ�WKH�LQGXVWU\�IRU����\HDUV��WKH�ODVW����RI�ZKLFK�KDYH�

EHHQ�ZLWK�+	.��+LV�H[SHULHQFH�LQFOXGHV�JHRWHFKQLFDO�HQJLQHHULQJ��FLYLO�HQJLQHHULQJ��HQJLQHHULQJ�

JHRORJ\��K\GURJHRORJ\��DQG�FRQVWUXFWLRQ�PDQDJHPHQW��+H�LV�D�6XEMHFW�0DWWHU�([SHUW�ZLWK�WKH�

&DOLIRUQLD�%3(/6*�DQG�DVVLVWV�ZLWK�SUHSDUDWLRQ�DQG�JUDGLQJ�RI�H[DP�TXHVWLRQV��0U��2OVHQ¶V�

K\GURJHRORJ\�SURMHFWV�KDYH�LQFOXGHG�JURXQGZDWHU�UHVRXUFH�HYDOXDWLRQV��ORQJ�WHUP�JURXQGZDWHU�

UHFKDUJH�HVWLPDWHV��JURXQGZDWHU�VHHSDJH�DQG�FRQWDPLQDQW�WUDQVSRUW�UHPHGLDWLRQ��ZHOO�SRLQWV��

ODUJH�SXPSLQJ�ZHOOV��DQG�FRÑ�HU�GDP�H[FDYDWLRQ�GHZDWHULQJ�V\VWHPV��DTXLIHU�FKDUDFWHUL]DWLRQ�XVLQJ�

SXPSLQJ�ZHOO�DQG�VOXJ�WHVWV��DQG�¿�HOG�SHUPHDELOLW\�WHVWLQJ�E\�VHDOHG�GRXEOH�ULQJ�LQ¿�OWURPHWHU�

�6'5,��DQG�WZR�VWDJH�ERUHKROH�LQ¿�OWURPHWHU�76%,�PHWKRGV�

%U\DQ�%RWVIRUG�MRLQHG�+ROGUHJH�	�.XOO�WKUHH�\HDUV�DJR�DIWHU�ZRUNLQJ�LQ�WKH�:'5�HQIRUFHPHQW�

GLYLVLRQ�DW�WKH�5:4&%��+H�LV�DQ�LQYDOXDEOH�DVVHW�WR�WKH�¿�UP��SHUIRUPLQJ�QXPHURXV�DQG�YDULHG�

SURMHFWV��LQFOXGLQJ�FRQWDPLQDWHG�VRLO�DQG�JURXQGZDWHU�LQYHVWLJDWLRQV�DQG�UHPHGLDWLRQ��FRQWDPLQDQW�

WUDQVSRUW�HYDOXDWLRQV��JHRWHFKQLFDO�LQYHVWLJDWLRQV��JHRORJLF�HYDOXDWLRQV��DEDQGRQHG�PLQH�ODQH�

FKDUDFWHUL]DWLRQV��PLQH�SHUPLWWLQJ��6WRUP�:DWHU�3ROOXWLRQ�3UHYHQWLRQ�3ODQ��6:333��SUHSDUDWLRQ�DQG�

LPSOHPHQWDWLRQ��DQG�ODQG¿�OO�SRVW�FORVXUH�PRQLWRULQJ�
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+ROGUHJH�	�.XOO�SURSRVHV�WKH�IROORZLQJ�DOWHUQDWLYH�DQDO\WLFDO�PHWKRGV��

�� 766�E\�(3$�0HWKRG�60�����'�

�� &\DQLGH�E\�(3$�0HWKRG������RU�60�����

&DE�(VSRVLWR�MRLQHG�+ROGUHJH�	�.XOO�LQ�������EULQJLQJ�IRXU�\HDUV�RI�HQYLURQPHQWDO�FRQVXOWLQJ�

H[SHULHQFH��+H�JUDGXDWHG�IURP�1RUWKHUQ�$UL]RQD�8QLYHUVLW\�ZLWK�D�GHJUHH�LQ�JHRORJ\��SDUWLFLSDWHG�

LQ�RLO�DQG�JDV�H[SORUDWLRQ�LQ�7H[DV�DQG�3HQQV\OYDQLD��DQG�KDV�ZRUNHG�RQ�PXOWLSOH�PLQH�UHPHGLDWLRQ�

SURMHFWV�LQFOXGLQJ�PXOWLSOH�6XSHUIXQG�VLWHV��0U��(VSRVLWR�KDV�H[SHULHQFH�LQ�VLWH�FKDUDFWHUL]DWLRQ��

HQYLURQPHQWDO�VDPSOLQJ��JHRWHFKQLFDO�LQYHVWLJDWLRQV��K\GURORJLF�PRQLWRULQJ��¿�HOG�LQVWUXPHQWDWLRQ��

DQG�FRQVWUXFWLRQ�PDQDJHPHQW�RI�ZHOO�LQVWDOODWLRQV�DQG�ODUJH�HDUWKZRUNV�SURMHFWV�

:LOOLDP�/��1HDO��06��3*��LV�D�SULQFLSDO�ZLWK�*HRFKHP�$SSOLFDWLRQV��D�VXEFRQVXOWDQW�¿�UP�WKDW�

+	.�KDV�DGGHG�WR�LWV�WHDP�IRU�SURYLVLRQ�RI�VWDWLVWLFDO�HYDOXDWLRQV�GXULQJ�WKLV�FRQWUDFW��*HRFKHP�

$SSOLFDWLRQV¶�VHUYLFHV�ZLOO�DFFRXQW�IRU�DSSUR[LPDWHO\���SHUFHQW�RI�WKH�WRWDO���\HDU�FRQWUDFW�FRVW�

0U��1HDO�KDV����\HDUV�RI�H[SHULHQFH�HYDOXDWLQJ�ZDWHU�TXDOLW\�GDWD�DQG�LV�UHFRJQL]HG�IRU�KLV�

H[SHUWLVH�LQ�VWDWLVWLFDO�DQDO\VLV�DQG�HYDOXDWLRQ�RI�ZDWHU�TXDOLW\�GDWD��0U��1HDO�VHUYHV�DV�D�SDQHOLVW�

RQ�WKH�&HQWUDO�9DOOH\�5HJLRQDO�:DWHU�4XDOLW\�&RQWURO�%RDUG¶V�*URXQGZDWHU�0RQLWRULQJ�$GYLVRU\�

:RUNJURXS��,Q�WKLV�FDSDFLW\��KH�SURYLGHV�WHFKQLFDO�LQSXW�WR�&HQWUDO�9DOOH\�5:4&%�VWDÑ��RQ�WKH�XVH�

RI�VWDWLVWLFDO�DQG�JHRFKHPLFDO�PHWKRGV�RI�DQDO\VLV�IRU�HVWDEOLVKLQJ�EDFNJURXQG�DQG�HYDOXDWLQJ�

JURXQGZDWHU�GHJUDGDWLRQ��2Q�VHYHUDO�RFFDVLRQV��KH�KDV�VXFFHVVIXOO\�GHPRQVWUDWHG�WR�UHJXODWRU\�

DJHQFLHV�WKDW�VWDWLVWLFDOO\�DQRPDORXV�ZDWHU�TXDOLW\�PRQLWRULQJ�UHVXOWV�DUH�D�UHVXOW�RI�QDWXUDO�

SURFHVVHV�UDWKHU�WKDQ�PDQ�PDGH�FRQWDPLQDWLRQ��0U��1HDO�KDV�H[WHQVLYH�H[SHUWLVH�LQ�WKH�GHVLJQ�

DQG�LPSOHPHQWDWLRQ�RI�ODQG¿�OO�PRQLWRULQJ�SURJUDPV��ZLWK�KLV�FRUH�H[SHUWLVH�EHLQJ�&DOLIRUQLD�7LWOH�

���SURJUDPV�DQG�UHODWHG�:DWHU�4XDOLW\�3URWHFWLRQ�6WDQGDUG��:436��GHYHORSPHQW��+H�FXUUHQWO\�

SHUIRUPV�VWDWLVWLFDO�HYDOXDWLRQ�RI�PRQLWRULQJ�GDWD�IURP�PRUH�WKDQ����ODQG¿�OOV�RQ�D�URXWLQH�EDVLV��

0U��1HDO�ZLOO�EH�FKDUJHG�ZLWK�SHUIRUPLQJ�VWDWLVWLFDO�DQDO\VLV�RI�JURXQGZDWHU�FRPSOLDQFH�PRQLWRULQJ�

GDWD�IRU�WKLV�SURMHFW�

$OSKD�$QDO\WLFDO�/DERUDWRULHV�ZLOO�EH�WKH�DQDO\WLFDO�ODERUDWRU\�VXEFRQVXOWDQW��$QDO\WLFDO�VHUYLFHV�

FRPSULVH�DSSUR[LPDWHO\����SHUFHQW�RI�WKH�WRWDO�WKUHH�\HDU�FRQWUDFW�FRVW��$OSKD�$QDO\WLFDO�KDV�

EHHQ�D�&DOLIRUQLD�DFFUHGLWHG�ODERUDWRU\�VLQFH������DQG�ZDV�VHOHFWHG�EDVHG�RQ�+	.¶V�SDVW�ZRUNLQJ�

UHODWLRQVKLS��TXDOLW\�ZRUN�SURGXFW��DQG�DELOLW\�WR�PHHW�SURMHFW�GDWD�TXDOLW\�REMHFWLYHV��7KH�DQDO\WLFDO�

VHUYLFHV�IRU�WKH�&ORVHG�/LQFROQ�/DQG¿�OO�SURMHFW�ZLOO�EH�FRQGXFWHG�LQ�WKHLU�IDFLOLW\��ORFDWHG�LQ�(ON�

*URYH��&DOLIRUQLD��7KH\�DUH�FHUWL¿�HG�E\�WKH�&DOLIRUQLD�(QYLURQPHQWDO�/DERUDWRU\�$FFUHGLWDWLRQ�

3URJUDP��&HUWL¿�FDWH�1RV��������������DQG�������

:RUNORDG�DQG�6XEVWLWXWLRQV

+ROGUHJH�	�.XOO�LV�FRPPLWWHG�WR�SURYLGLQJ�VWDÑ��LQ�D�WLPHO\�PDQQHU�WR�PHHW�WKH�QHHGV�RI�WKH�&LW\�RI�

/LQFROQ�IRU�WKLV�FRQWUDFW��+	.�KDV�HVWLPDWHG�WKDW�WKH�RYHUDOO�SHUFHQWDJH�RI�ZRUNORDG�UHTXLUHG�E\�LWV�

VWDÑ��IRU�WKLV�FRQWUDFW�LV�����SHU�\HDU��,Q�DGGLWLRQ��+	.�GHFODUHV�WKDW�LW�ZLOO�PDNH�QR�VXEVWLWXWLRQV�

RI�VWDÑ��IRU�WKLV�ZRUN�ZLWKRXW�SULRU�ZULWWHQ�DSSURYDO�IURP�WKH�&LW\�
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)XOO�3URMHFW�'HVFULSWLRQV���������������������������������������$���±�$��

)XOO�5HVXPHV�RI�.H\�6WDÑ������������������������������������$���±�$���

6FKHGXOH������������������������������������������������������� $����±�$���

)LHOG�6DPSOLQJ�3ODQ

([DPSOH�2SHUDWLRQ�DQG�0DLQWHQDQFH�5HSRUW
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0F&RXUWQH\�5RDG�/DQG¿�OO�LV�IRXQGHG�

LQ�DQ�H[WUHPHO\�FRPSOH[�JHRORJLF�DQG�

K\GURJHRORJLF�UHJLRQ�RI�WKH�6LHUUD�

1HYDGD�)RRWKLOOV��+ROGUHJH�	�.XOO�KDV�

SHUIRUPHG�D�ZLGH�YDULHW\�RI�WDVNV�DW�

WKLV�ODQG¿�OO�IRU�WKH�&RXQW\�RI�1HYDGD��

6LQFH�������+	.�KDV�SURYLGHG�VDPSOLQJ�

DQG�PRQLWRULQJ�RI�JURXQGZDWHU�ZHOOV��

VXUIDFH�ZDWHU��OHDFKDWH�H[WUDFWLRQ�ZHOOV��

VXUIDFH�LPSRXQGPHQWV��O\VLPHWHUV��

DQG�OHDFKDWH�SXPS�VWDWLRQV��+	.�KDV�

SUHSDUHG�TXDUWHUO\��VHPL�DQQXDO��DQG�

DQQXDO�ZDWHU�TXDOLW\�UHSRUWV�UHTXLUHG�

E\�WKH�5HJLRQDO�:DWHU�4XDOLW\�&RQWURO�

%RDUG��0RVW�UHFHQWO\��+	.�XSGDWHG�WKH�

:DWHU�4XDOLW\�3URWHFWLRQ�6WDQGDUG��:436��DQG�

UHYLVHG�WKH�0RQLWRULQJ�DQG�5HSRUWLQJ�3URJUDP�

�053��WR�HOLPLQDWH�PRQLWRULQJ�SRLQWV�WKDW�DUH�

QR�ORQJHU�QHHGHG��+	.�LV�FXUUHQWO\�FXVWRPL]LQJ�

PRQLWRULQJ�V\VWHPV��PRQLWRULQJ�SURWRFRO��DQG�

GDWD�HYDOXDWLRQ�SURWRFRO��PRQLWRULQJ�JURXQGZDWHU�

VXUIDFH�ZDWHU��ODQG¿�OO�JDV��VRLO�SRUH�ZDWHU��VRLO�YDSRU��VWRUP�ZDWHU�DQG�OHDFKDWH��SHUIRUPLQJ�LQWHU�

ZHOO�DQG�LQWUD�ZHOO�VWDWLVWLFDO�DQDO\VLV��PDQDJLQJ�FRPSOLDQFH�RI�D�'HWHFWLRQ�0RQLWRULQJ�3URJUDP�

�'03��DQG�D�&RUUHFWLYH�$FWLRQ�3URJUDP��&$3���SHUIRUPLQJ�LVR�FRQWRXU�PDSSLQJ�DQG�VHWWOHPHQW�

FDOFXODWLRQV��SURYLGLQJ�¿�QDQFLDO�DVVXUDQFH�XSGDWHV�DQG�3RVW�&ORVXUH�0DLQWHQDQFH�3ODQ��3&03��

XSGDWHV��SUHSDULQJ�2	0�SODQV��DQG�SUHSDULQJ�D�3UHOLPLQDU\�&ORVXUH�3ODQ�IRU�VXUIDFH�LPSRXQGPHQW�

GHFRPPLVVLRQLQJ��+	.�DOVR�UHFHQWO\�QHJRWLDWHG�QHZ�:'5V�ZLWK�WKH�5:4&%��ZKLFK�UHVXOWHG�LQ�

UHGXFHG�PRQLWRULQJ�UHTXLUHPHQWV�DQG�WKH�HOLPLQDWLRQ�RI�QLQH�RÑ��VLWH�ZHOOV�IURP�WKH�PRQLWRULQJ�

UHTXLUHPHQWV�
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��À]��'���]�U�W�}P��u�D�v�P��

E�À�����}µv�Ç��d^
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+ROGUHJH�	�.XOO�SUHSDUHG�D�FRQFHSWXDO�VLWH�

PRGHO��&60��WR�DVVHVV�WKH�VRXUFHV�DQG�

H[WHQW�RI�D�FRQWDPLQDQW�SOXPH�HPDQDWLQJ�

IURP�WKH�ODQG¿�OO�SURSHUW\��8VLQJ�WKH�UHVXOWV�

RI�WKH�&06��+	.�GHVLJQHG�D�SHULPHWHU�FXWRÑ��

WUHQFK�GHZDWHULQJ�V\VWHP�WKDW�ZLOO�ORZHU�WKH�

JURXQGZDWHU�OHYHO�WR�EHORZ�WKH�ERWWRP�RI�WKH�

ZDVWH�DQG�H[WUDFW�WKH�H[LVWLQJ�SOXPH�WR�PHHW�

WKH�UHTXLUHPHQWV�RI�WKH�&DOLIRUQLD�:DWHU�4XDOLW\�

&RQWURO�%RDUG��+	.�SURYLGHG�FRQVWUXFWLRQ�

TXDOLW\�DVVXUDQFH��&4$��REVHUYDWLRQ�DQG�

PDWHULDOV�WHVWLQJ�VHUYLFHV�GXULQJ�FRQVWUXFWLRQ�

DQG�RSHUDWLRQ�DQG�PDLQWHQDQFH��2	0�DFWLYLWLHV�

LQFOXGLQJ�V\VWHP�VWDUWXS�PRQLWRULQJ�DQG�

UHSRUWLQJ��+	.�LV�FXUUHQWO\�SURYLGLQJ�RQJRLQJ�

PRQWKO\�2	0��WHOHPHWU\�PRQLWRULQJ��VDPSOLQJ�

DQG�DQDO\VLV��DQG�UHSRUWLQJ�

Z�(���v��

Z�Ç�>�L�Á]�ZU�W�U��]�Ç��vP]v���
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+ROGUHJH�	�.XOO��+	.��LV�SURYLGLQJ�VHPL�

DQQXDO�K\GURJHRORJLF�FRQVXOWLQJ�VHUYLFHV�

IRU�WKH�)XOWRQ�5HFODPDWLRQ�)DFLOLW\��)5)��

LQ�DFFRUGDQFH�ZLWK�WKH�&DOLIRUQLD�5HJLRQDO�

:DWHU�4XDOLW\�&RQWURO�%RDUG��5:4&%��

:DVWH�'LVFKDUJH�5HTXLUHPHQWV��:'5��

DQG�0RQLWRULQJ�DQG�5HSRUWLQJ�3URJUDP�

�053��2UGHU�1R��5�������������7KH�

IDFLOLW\�UHF\FOHV�QRQ�KD]DUGRXV�GULOOLQJ�

PXG�DV�SDUW�RI�D�VRLO�DPHQGPHQW�

RSHUDWLRQ�ZKHUH�WKH�GULHG�GULOOLQJ�PXG�

LV�PL[HG�LQWR�WKH�XSSHU�IRRW�RI�JURXQG�

VXUIDFH�WR�LPSURYH�WKH�VRLO�WH[WXUH��VRLO�

QXWULHQWV��DQG�ZDWHU�KROGLQJ�FDSDFLW\��

UHVXOWLQJ�LQ�DQ�DJULFXOWXUDOO\�EHQH¿�FLDO�

DGPL[WXUH��7KH�GULOOLQJ�PXG�LV�FODVVL¿�HG�

DV�D�³GHVLJQDWHG�ZDVWH´�E\�WKH�5:4&%��GXH�WR�

WKH�UHODWLYHO\�KLJK�FRQFHQWUDWLRQ�RI�WRWDO�GLVVROYHG�

VROLGV��7KH�DSSOLFDWLRQ�DUHD��LQFOXGLQJ�WKH�WHVW�

SORWV�DORQJ�WKH�HDVWHUQ�SURSHUW\�ERXQGDU\��

HQFRPSDVVHV�DSSUR[LPDWHO\�����DFUHV�RI�WKH�

WRWDO�����DFUH�VLWH�

)5)�LV�UHTXLUHG�WR�SHUIRUP�GDLO\��PRQWKO\��VHPL�DQQXDO��DQG�DQQXDO�VDPSOLQJ�DQG�UHSRUWLQJ�RI�WKH�

ZDVWH�UHFHLYLQJ��VRLO�DPHQGLQJ��DQG�YDGRVH�]RQH�DQG�JURXQGZDWHU�PRQLWRULQJ�DFWLYLWLHV��7R�FRPSO\�

ZLWK�WKH�:'5V�DQG�053��D�PRQLWRULQJ�QHWZRUN�FRPSULVHG�RI����JURXQGZDWHU�PRQLWRULQJ�ZHOOV��

���VRLO�VXFWLRQ�O\VLPHWHUV��DQG�WZR�J\SVXP�EORFN�DUUD\V�KDV�EHHQ�LQVWDOOHG�DURXQG�DQG�ZLWKLQ�

ODQG�DSSOLFDWLRQ�DUHDV��+	.�LV�UHVSRQVLEOH�IRU�SHUIRUPLQJ�VHPL�DQQXDO�DQG�DQQXDO�VDPSOLQJ�RI�WKH�

PRQLWRULQJ�ZHOOV�DQG�O\VLPHWHUV��FRPSLOLQJ�DQG�HYDOXDWLQJ�DQDO\WLFDO�ODERUDWRU\�UHVXOWV��SUHSDULQJ�

6KRHOOHU�GLDJUDPV�WKDW�FRPSDUH�JURXQGZDWHU�TXDOLW\��DQG�SUHSDULQJ�VHPL�DQQXDO�UHSRUWV�
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6KDQH�&XPPLQJV��3*��&(*��&+*��LV�2SHUDWLRQV�0DQDJHU�

RI�WKH�&KLFR�RÒ��FH��0U��&XPPLQJV�SHUIRUPV�DQG�RYHUVHHV�

¿�HOG�LQYHVWLJDWLRQV�IRU�JHRWHFKQLFDO�DQG�PDWHULDOV�WHVWLQJ�

SURMHFWV��JHRORJLF�KD]DUGV�HYDOXDWLRQV��HQYLURQPHQWDO�

LQYHVWLJDWLRQV��HDUWKTXDNH�IDXOW�DQG�VXUIDFH�UXSWXUH�KD]DUGV��

DLU�SKRWR�LQWHUSUHWDWLRQ��HQYLURQPHQWDO�VLWH�DVVHVVPHQWV��

DQG�UHPHGLDWLRQ�RI�FRQWDPLQDWHG�VLWHV��0U��&XPPLQJV¶V�

HQYLURQPHQWDO�H[SHULHQFH�LQFOXGHV�VRLO��JURXQGZDWHU�

DQG�YDGRVH�]RQH�LQYHVWLJDWLRQV�DQG�UHPHGLDWLRQ�RI�VLWHV�

FRQWDPLQDWHG�E\�FKORULQDWHG�VROYHQWV��LQRUJDQLFV��SHWUROHXP�

K\GURFDUERQV��SHVWLFLGHV��DQG�KHDY\�PHWDOV�IRU�ZKLFK�KH�

KDV�SUHSDUHG�&RUUHFWLYH�$FWLRQ�3ODQV��)HDVLELOLW\�6WXGLHV��

DQG�5HPHGLDO�$FWLRQ�:RUNSODQV��+H�LV�WKH�SDVW�3UHVLGHQW�RI�

WKH�)HDWKHU�5LYHU�%UDQFK�RI�WKH�$PHULFDQ�6RFLHW\�RI�&LYLO�

(QJLQHHUV��$6&(��DQG�D�6XEMHFW�0DWWHU�([SHUW�ZLWK�WKH�

&DOLIRUQLD�%RDUG�IRU�3URIHVVLRQDO�(QJLQHHUV�DQG�/DQG�6XUYH\RUV��

+H�DOVR�SUHSDUHV�WKH�H[DPLQDWLRQV�IRU�OLFHQVXUH�DV�&HUWL¿�HG�

+\GURJHRORJLVW��&+*��DQG�IRU�WKH�&DOLIRUQLD�6XSSOHPHQWDO�

&RPSRQHQW�WR�WKH�3URIHVVLRQDO�*HRORJLVW��3*��H[DPV�

5HSUHVHQWDWLYH�3URMHFWV

)XOWRQ�5HFODPDWLRQ�)DFLOLW\��2UODQG��&$

(QJLQHHULQJ�JHRORJLVW�LQ�FKDUJH�RI�VHPL�DQQXDO�JURXQGZDWHU�

DQG�/\VLPHWHU�PRQLWRULQJ�DQG�UHSRUWLQJ�IRU�WKH�GULOOLQJ�PXG�

GLVSRVDO�VRLO�DPHQGPHQW�IDFLOLW\�XQGHU�WKH�JXLGDQFH�RI�WKH�

5:4&%�ZDVWH�GLVFKDUJH�UHTXLUHPHQWV�DQG�PRQLWRULQJ�DQG�

UHSRUWLQJ�SURJUDP�5�������������$QQXDO�IDFLOLW\�LQVSHFWLRQV�

DUH�DOVR�SHUIRUPHG�WR�FRPSO\�ZLWK�VWRUP�ZDWHU�EHVW�

PDQDJHPHQW�SUDFWLFHV��

0F&OHOODQ�$)%�35/�6�����%LRYHQW�6LWH��0F&OHOODQ�3DUN��&$

(QJLQHHULQJ�JHRORJLVW�UHVSRQVLEOH�IRU�DVVHVVLQJ�D�IRUPHU�$LU�

)RUFH�PDLQWHQDQFH�DQG�DLUFUDIW�WHVW�DUHD��0$7�%���7KH�VLWH�

ZDV�OLVWHG�XQGHU�WKH�&RPSUHKHQVLYH�(QYLURQPHQWDO�5HVSRQVH��

&RPSHQVDWLRQ��DQG�/LDELOLW\�$FW��&(5&/$���)ROORZLQJ�WKH�VLWH�

FKDUDFWHUL]DWLRQ�DQG�GHOLQHDWLRQ�RI�K\GURFDUERQ�FRQWDPLQDWLRQ��

DQ�DFWLYH�VRLOV�ELRYHQW�V\VWHP�ZDV�GHVLJQHG��FRQVWUXFWHG��DQG�

RSHUDWHG��7KH�VRLOV�ELRYHQW�V\VWHP�LQFOXGHG����DLU�LQMHFWLRQ�

ZHOOV�DQG�¿�YH�YDSRU�PRQLWRULQJ�ZHOOV�

(GXFDWLRQ

�� %�6��LQ�*HRORJ\��&DOLIRUQLD�6WDWH�

8QLYHUVLW\��&KLFR

5HJLVWUDWLRQV���&HUWL¿�FDWLRQV

�� 3URIHVVLRQDO�*HRORJLVW��&$�1R��

�����

�� &HUWL¿�HG�(QJLQHHULQJ�*HRORJLVW��

&$�1R������

�� &HUWL¿�HG�+\GURJHRORJLVW��&$�1R��

���

�� 4XDOL¿�HG�6:333�'HYHORSHU��

3UDFWLWLRQHU��&$�1R�����

([SHUWLVH

�� &RQWDPLQDWHG�VRLO�DQG�

JURXQGZDWHU�LQYHVWLJDWLRQV

�� *HRWHFKQLFDO�LQYHVWLJDWLRQV

�� 5HPHGLDWLRQ�RI�VRLO�DQG�

JURXQGZDWHU

�� &RQWDPLQDQW�WUDQVSRUW�

HYDOXDWLRQV

�� (QJLQHHULQJ�JHRORJ\

�� *HRORJLF�HYDOXDWLRQV

�� $TXLIHU�DQG�K\GURJHRORJLFDO�

HYDOXDWLRQV

�� %RUHKROH�JHRSK\VLFDO�DSSOLFDWLRQV�

LQ�IUDFWXUHG�URFN

�� /DQG¿�OO�GHVLJQ��FORVXUH��DQG�SRVW�

FORVXUH�PRQLWRULQJ

$Ò��OLDWLRQV

�� *HRSURIHVVLRQDO�%XVLQHVV�

$VVRFLDWLRQ

�� $6&(��3DVW�3UHVLGHQW�)HDWKHU�

5LYHU�%UDQFK

�� $VVRFLDWLRQ�RI�(QYLURQPHQWDO�DQG�

(QJLQHHULQJ�*HRORJLVWV

�� (DUWKTXDNH�(QJLQHHULQJ�5HVHDUFK�

,QVWLWXWH

�� 6HLVPRORJLFDO�6RFLHW\�RI�$PHULFD

�� 1DWLRQDO�*URXQG�:DWHU�

$VVRFLDWLRQ

2SHUDWLRQV�0DQDJHU��&KLFR�2Ò��FH

3ULQFLSDO�LQ�&KDUJH

431



6KHULGDQ�:DVWHZDWHU�7UHDWPHQW�3ODQW��6KHULGDQ��&$

(QJLQHHULQJ�JHRORJLVW�UHVSRQVLEOH�IRU�WKH�JHRWHFKQLFDO�LQYHVWLJDWLRQ�DQG�K\GURJHRORJLF�HYDOXDWLRQ��

(YDOXDWHG�VRLO�FKDUDFWHULVWLFV�DQG�H[WHQW�RI�FOD\�VRLO�LQ�WKH�DUHD�RI�WKH�SURSRVHG�ZDVWHZDWHU�

WUHDWPHQW�SODQW�H[SDQVLRQ�DUHD��*URXQGZDWHU�PRQLWRULQJ�ZHOOV�ZHUH�LQVWDOOHG�LQ�RUGHU�WR�SHUIRUP�

JURXQGZDWHU�VDPSOLQJ�DQG�HYDOXDWH�HÑ�HFWV�IURP�WKH�H[LVWLQJ�SHUFRODWLRQ�SRQG�RQ�UHJLRQDO�ZDWHU�

TXDOLW\�

6WUDWWRQ¶V�0DUNHW��3DUDGLVH�&$

(QJLQHHULQJ�JHRORJLVW�LQ�FKDUJH�RI�PDQDJLQJ�WKLV�OHDNLQJ�XQGHUJURXQG�VWRUDJH�WDQN��/867��VLWH�IRU�

HLJKW�\HDUV��0XOWLSOH�VLWH�LQYHVWLJDWLRQV��LQYROYLQJ�VRLO�VDPSOLQJ�DQG�PRQLWRULQJ�ZHOO�LQVWDOODWLRQV�

RQ�DQG�RÑ��VLWH��ZHUH�QHFHVVDU\�WR�LGHQWLI\�WKH�IXOO�KRUL]RQWDO�DQG�YHUWLFDO�H[WHQW�RI�FRQWDPLQDWLRQ�

IURP�WKH�KLVWRULFDO�RSHUDWLRQ��6RLO�DQDO\WLFDO�UHVXOWV�IURP�WKH�VLWH�LQYHVWLJDWLRQV�VKRZHG�WKDW�IXHO�

FRQWDPLQDWLRQ�ZDV�UHODWHG�WR�WKH�IXHO�GLVSHQVHUV�DQG�QRW�WKH�867V��&XUUHQWO\�WKH�VLWH�LV�EHLQJ�

PRQLWRUHG�IRU�QDWXUDO�DWWHQXDWLRQ�

2UODQG�/LIW�6WDWLRQ�DQG�6HZHU�([WHQVLRQ��2UODQG��&$

(QJLQHHULQJ�JHRORJLVW�IRU�WKH�GHVLJQ�DSSURDFK�WR�FRQVWUXFWLRQ�RI�D�OLIW�VWDWLRQ�LQ�DQ�DUHD�ZKHUH�

VWDQGDUG�H[FDYDWLRQ�PHWKRGV�ZHUH�QRW�SRVVLEOH��7KH�GHSWK�RI�WKH�SURSRVHG�OLIW�VWDWLRQ�ZDV�

DSSUR[LPDWHO\����IHHW�EHORZ�WKH�H[LVWLQJ�JURXQG�VXUIDFH��EJV���DQG�WKH����LQFK�GLDPHWHU�VHZHU�

SLSH�ZDV�SODFHG�DW�D�PD[LPXP�GHSWK�RI�DSSUR[LPDWHO\����IHHW�EJV�LQ�DQ�DUHD�XQGHUODLQ�E\�

FRKHVLRQOHVV�VDQG�DQG�JUDYHO�GHSRVLWV�DQG�VKDOORZ�JURXQGZDWHU�DW�DSSUR[LPDWHO\����IHHW�EJV��

$�VXEVXUIDFH�LQYHVWLJDWLRQ�ZDV�FRQGXFWHG�XVLQJ�D�KDOORZ�VWHP�DXJHU�GULOO�ULJ�WR�FROOHFW�VWDQGDUG�

SHQHWURPHWHU�WHVW�EORZ�FRXQWV�DQG�XQGLVWXUEHG�UHSUHVHQWDWLYH�VRLO�VDPSOHV��$Q�H[WUDFWLRQ�ZHOO�

DQG�IRXU�REVHUYDWLRQ�ZHOOV�ZHUH�FRQVWUXFWHG��DQG�D����KRXU�FRQVWDQW�GLVFKDUJH�DTXLIHU�SXPS�WHVW�

SHUIRUPHG�WR�GHWHUPLQH�WKH�K\GURJHRORJLFDO�SURSHUWLHV�RI�D�JUDYHOO\�VKDOORZ�DTXLIHU�DQG�GHYHORS�

JHRWHFKQLFDO�HQJLQHHULQJ�GHVLJQ�UHFRPPHQGDWLRQV�IRU�XVH�E\�WKH�GHZDWHULQJ�FRQWUDFWRU��VKRULQJ�

FRQWUDFWRU��DQG�VHZHU�OLQH�WUHQFK�EDFN¿�OO�FRQWUDFWRU��$�SUHOLPLQDU\�FRÑ�HU�GDP�VKHHW�SLOH�GHVLJQ�

ZLWK�WLH�EDFN�UHVWUDLQWV�ZDV�GHYHORSHG�WR�DOORZ�WKH�FRQWUDFWRU�WR�OLPLW�WKH�WUHQFK�ZLGWK�GXULQJ�

FRQVWUXFWLRQ��7KLV�GHVLJQ�LQFOXGHG�DQDO\VHV�RI�JURXQGZDWHU�À�RZ�QHWV�DQG�ODERUDWRU\�VKHDU�VWUHQJWK�

WHVW�UHVXOWV��

&DSHKDUW�6HUYLFH�6WDWLRQ��%HDOH�$)%��0DU\VYLOOH��&$

(QJLQHHULQJ�JHRORJLVW�SHUIRUPLQJ�LQYHVWLJDWLRQ��GDWD�HYDOXDWLRQ�DQG�UHSRUWLQJ�UHJDUGLQJ�07%(�

ZLWKLQ�SHUFKHG�JURXQGZDWHU�DQG�WKH�XQGHUO\LQJ�IUDFWXUHG�EHGURFN�DTXLIHU��7KH�FOHDQXS�RI�VRLO�DQG�

JURXQGZDWHU�DW�WKLV�DFWLYH�JDV�VWDWLRQ�ZDV�SHUIRUPHG�XQGHU�WKH�5&5$�FOHDQXS�SURJUDP�RI�WKH�

2Ò��FH�RI�(QYLURQPHQWDO�([FHOOHQFH��6LWH�FKDUDFWHUL]DWLRQ�LQFOXGHG�PXOWLSOH�SKDVHV�RI�LQYHVWLJDWLRQ�

LQYROYLQJ�GHHS��KDUG�URFN�FRQWLQXRXV�FRULQJ�H[SORUDWRU\�ERULQJV�DQG�PRQLWRULQJ�ZHOO�LQVWDOODWLRQ��

ERUHKROH�JHRSK\VLFDO�VXUYH\V��VDPSOLQJ�DQG�SXPS�WHVWLQJ��0U��&XPPLQJV�GHVLJQHG��FRQVWUXFWHG��

DQG�RSHUDWHG�D�JURXQGZDWHU�H[WUDFWLRQ�DQG�WUHDWPHQW�V\VWHP�DQG�FRQGXFWHG�VXSSOHPHQWDO�

LQYHVWLJDWLRQV�RQ�WKH�IDWH�DQG�WUDQVSRUW�RI�07%(�WKURXJK�IUDFWXUHG�URFN��
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+HLGL�&XPPLQJV��3*��LV�D�6HQLRU�*HRORJLVW�ZLWK�RYHU����

\HDUV�RI�H[SHULHQFH��6KH�LV�D�PHPEHU�RI�WKH�+ROGUHJH�	�

.XOO�HQYLURQPHQWDO�WHDP�DQG�LV�+	.¶V�6DIHW\�&RRUGLQDWRU��

0V��&XPPLQJV�KDV�PDQDJHG�D�YDULHW\�RI�JHRORJLF�DQG�

K\GURJHRORJLF�HYDOXDWLRQ�SURMHFWV�WKDW�LQYROYHG�KLVWRULFDO�GDWD�

UHYLHZ��LQLWLDO�LQYHVWLJDWLRQ��IXOO�VLWH�FKDUDFWHUL]DWLRQ��UHPHGLDO�

GHVLJQ�DQG�FRQVWUXFWLRQ��PRQLWRULQJ�DQG�UHPHG\�HYDOXDWLRQ��

DQG�VLWH�FORVXUH�IRU�IHGHUDO��VWDWH��FRXQW\��DQG�SULYDWH�SURMHFWV��

6KH�KDV�HYDOXDWHG�JURXQGZDWHU�GDWD�XVLQJ�VWLÑ���SLSHU��6FKRHOOHU�

GLDJUDPV��DQG�JHRVSDWLDO�DQDO\VLV��GHYHORSHG�PRQLWRULQJ�DQG�

UHSRUWLQJ�SURJUDPV��DQDO\]HG�DTXLIHU�WHVW�GDWD�DQG�H[WUDFWLRQ�

V\VWHP�GDWD��JHQHUDWHG�JHRORJLF�DQG�K\GURVWUDWLJUDSKLF�FURVV�

VHFWLRQV��DQG�GHVLJQHG�H[WUDFWLRQ�DQG�PRQLWRULQJ�ZHOO�V\VWHPV�

6KH�LV�UHVSRQVLEOH�IRU�TXDOLW\�FRQWURO�DQG�WHFKQLFDO�UHYLHZ�

RI�VDPSOLQJ�DQG�DQDO\VLV�SODQV��KHDOWK�DQG�VDIHW\�SODQV��

PRQLWRULQJ�FRPSOLDQFH�UHSRUWV��UHPHGLDO�LQYHVWLJDWLRQ�UHSRUWV��

FRUUHFWLYH�DFWLRQ�SODQV��DQG�IHDVLELOLW\�VWXGLHV�

5HSUHVHQWDWLYH�3URMHFWV

&ORVHG�/LQFROQ�/DQG¿�OO��&LW\�RI�/LQFROQ��3ODFHU�&RXQW\��&$

3URMHFW�PDQDJHU�DQG�SURMHFW�JHRORJLVW�UHVSRQVLEOH�IRU�WKH�

LQLWLDO�SHHU�UHYLHZ�RI�D�'UDIW�&RUUHFWLYH�$FWLRQ�3ODQ�SUHSDUHG�E\�

RWKHUV��5HYLHZHG�KLVWRULFDO�K\GURJHRORJLFDO�GDWD�WKDW�UHYHDOHG�

GDWD�JDSV�LQ�WKH�VLWH�JHRORJ\�DQG�K\GURJHRORJ\��5HYLHZHG�

DQG�SURYLGHG�WHFKQLFDO�FRPPHQWV�WR�WKH�'UDIW�&OHDQXS�DQG�

$EDWHPHQW�2UGHU�LVVXHG�E\�WKH�5HJLRQDO�:DWHU�4XDOLW\�&RQWURO�

%RDUG��5:4&%���'HYHORSHG�D�&RQFHSWXDO�6LWH�0RGHO��&60��DQG�

'DWD�*DSV�:RUN�3ODQ�WKDW�ZDV�VXEPLWWHG�DQG�DSSURYHG�E\�WKH�

5:4&%��,PSOHPHQWHG�WKH�DSSURYHG�:RUN�3ODQ��ZKLFK�LQFOXGHG�

KROORZ�VWHP�DXJHU�GULOOLQJ��ERUHKROH�ORJJLQJ��DQG�SLH]RPHWHU�

GHVLJQ��&RRUGLQDWHG�DQG�RYHUVDZ�GULOOLQJ��ODERUDWRU\��DQG�

VXUYH\LQJ�VXEFRQWUDFWRUV��3HUIRUPHG�PDWHULDOV�WHVWLQJ�RQ�

VHOHFW�VDPSOHV�FROOHFWHG�IURP�WKH�VLWH�WR�GHWHUPLQH�JUDLQ�

VL]H�GLVWULEXWLRQ��'HYHORSHG�WKH�)LHOG�6XPPDU\�5HSRUW�DQG�

XSGDWHG�&60�EDVHG�RQ�LQIRUPDWLRQ�REWDLQHG�IURP�WKH�GDWD�JDSV�

LQYHVWLJDWLRQ�DQG�SURYLGHG�SUHOLPLQDU\�GHVLJQ�DQG�FRUUHFWLYH�

DFWLRQ�UHFRPPHQGDWLRQ�IRU�D�SHULPHWHU�GHZDWHULQJ�WUHQFK�

V\VWHP�WKDW�ZRXOG�DFKLHYH���IRRW�VHSDUDWLRQ�EHWZHHQ�WKH�

GHHSHVW�SRUWLRQ�RI�WKH�ZDVWH�DQG�WKH�ZDWHU�WDEOH��7KH�WUHQFK�

VSDFLQJ�DQG�GHSWKV�ZHUH�GHVLJQHG�EDVHG�RQ�DSSOLFDWLRQV�RI�WKH�

'XSXLW�7KHRU\�RI�XQFRQ¿�QHG�À�RZ�WR�FXWRÑ��WUHQFKHV��D�FORVHG�

(GXFDWLRQ

�� %�6��LQ�*HRORJ\��&DOLIRUQLD�6WDWH�

8QLYHUVLW\��&KLFR

5HJLVWUDWLRQV���&HUWL¿�FDWLRQV

�� 3URIHVVLRQDO�*HRORJLVW��&$�1R��

�����

�� 4XDOL¿�HG�6:333�'HYHORSHU��

3UDFWLWLRQHU��&$�1R�������

6SHFLDOL]HG�7UDLQLQJ

�� ���KRXU�+$=:23(5

�� &35�)LUVW�$LG�&HUWL¿�HG

�� 4XDOL¿�HG�6:333�'HYHORSHU�	�

3UDFWLWLRQHU

�� +LJK�3HUIRUPDQFH�/HDGHUVKLS�

7UDLQLQJ

�� &HUWL¿�HG�3URMHFW�0DQDJHU

�� ,PSURYLQJ�+\GURJHRORJLF�$QDO\VLV�

RI�)UDFWXUHG�%HGURFN�6\VWHPV

�� *URXQGZDWHU�0RGHOLQJ�ZLWK�*06

�� 5RFN:RUNV�7UDLQLQJ�&ODVV

([SHUWLVH

�� *HRORJLF�DQG�+\GURJHRORJLF�

6WXGLHV

�� 6LWH�&KDUDFWHUL]DWLRQ��

$VVHVVPHQW��DQG�5HPHGLDWLRQ

�� &RQWDPLQDQW�7UDQVSRUW�

(YDOXDWLRQV

�� %RUHKROH�*HRSK\VLFDO�$SSOLFDWLRQV�

LQ�)UDFWXUHG�5RFN

�� &RPSOLDQFH�0RQLWRULQJ�DQG�

5HSRUWLQJ

�� 3KDVH�,�,,�(6$

�� 6WRUP�:DWHU�&RPSOLDQFH

$Ò��OLDWLRQV

�� $VVRFLDWLRQ�RI�(QJLQHHULQJ�	�

(QYLURQPHQWDO�*HRORJLVWV��$(*�

�� &DOLIRUQLD�6WDWH�8QLYHUVLW\��&KLFR��

3URIHVVLRQDO�$GYLVRU\�%RDUG��

*HRORJLFDO�	�(QYLURQPHQWDO�

6FLHQFHV�

6HQLRU�*HRORJLVW��&KLFR�2Ò��FH

&RUSRUDWH�6DIHW\�&RRUGLQDWRU

3URMHFW�0DQDJHU
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IRUP�DQDO\WLFDO�PRGHO��'HYHORSHG�WKH�&RUUHFWLYH�$FWLRQ�:RUN�3ODQ�DQG�FR�DXWKRUHG�WKH�WHFKQLFDO�

VSHFL¿�FDWLRQV�IRU�FRQVWUXFWLRQ��0V��&XPPLQJV�ZDV�WKH�SURMHFW�PDQDJHU�DQG�SURMHFW�JHRORJLVW�IRU�

FRQVWUXFWLRQ�RI�WKH�FXWRÑ��WUHQFK�GHZDWHULQJ�V\VWHP��6KH�GHYHORSHG�V\VWHP�RSHUDWLQJ�FULWHULD��

SHUIRUPHG�V\VWHP�VWDUWXS�DQG�RQJRLQJ��RSHUDWLRQV��PDLQWHQDQFH��VDPSOLQJ��DQG�UHSRUWLQJ���

1HDO�5RDG�5HF\FOLQJ�DQG�:DVWH�)DFLOLW\��%XWWH�&RXQW\��&$

3URMHFW�JHRORJLVW�UHVSRQVLEOH�IRU�WKH�FRRUGLQDWLRQ�RI�VWDÑ��DQG�VXEFRQWUDFWRUV�LQ�WKH�LPSOHPHQWDWLRQ�

RI�TXDUWHUO\��PRQWKO\��DQG�RQ�FDOO�¿�HOG�VDPSOLQJ�HYHQWV�IRU�ODQG¿�OO�JDV��JURXQGZDWHU��VXUIDFH�

ZDWHU��VRLO�SRUH�ZDWHU��OHDFKDWH��DQG�VHSWDJH�SRQG�VXSHUQDWDQW��DV�ZHOO�DV�WKH�SUHSDUDWLRQ�RI�

SHULRGLF�FRPSOLDQFH�UHSRUWV�IRU�PHGLD�VDPSOH�UHVXOWV��5HVSRQVLEOH�IRU�HQYLURQPHQWDO�PRQLWRULQJ�

DQG�WKH�GHVLJQ�DQG�LQVWDOODWLRQ�RI�IRXU�JURXQGZDWHU�PRQLWRULQJ�ZHOOV�DW�WKH�VLWH��6XSHUYLVHG�WKH�

LQVWDOODWLRQ�RI�VHYHQ�VRLO�JDV�PRQLWRULQJ�SUREHV�XQGHU�WKH�UHVSRQVLEOH�FKDUJH�RI�D�SURIHVVLRQDO�

HQJLQHHU��(YDOXDWHG�JHRFKHPLFDO�GDWD�XVLQJ�6WLÑ��DQG�3LSHU�GLDJUDPV��&RRUGLQDWHG�WKH�DQDO\WLFDO�

ODERUDWRU\�IRU�HOHFWURQLF�GDWD�GHOLYHUDEOHV�DQG�XSORDGHG�WKH�TXDUWHUO\�PRQLWRULQJ�GDWD�DQG�UHSRUWV�

WR�*HR7UDFNHU��WKH�6WDWH�:DWHU�5HVRXUFH�&RQWURO�%RDUG�GDWDEDVH�

/DQG¿�OOV���	���DW�%HDOH�$)%��0DU\VYLOOH��&$�

3URMHFW�PDQDJHU�LQ�FKDUJH�RI�VDPSOLQJ��WHFKQLFDO�ZULWLQJ��DQG�GDWD�DQDO\VLV�LQWHUSUHWDWLRQ�IRU�

WZR�ODQG¿�OOV�LQ�SRVW�FORVXUH�PRQLWRULQJ��*URXQGZDWHU��VXUIDFH�ZDWHU�VDPSOLQJ��DQG�ODQG¿�OO�JDV�

PRQLWRULQJ�ZHUH�SHUIRUPHG�LQ�FRPSOLDQFH�ZLWK�5:4&%�:DVWH�'LVFKDUJH�5HTXLUHPHQWV�2UGHU�1R��

�������

-RKQVRQ�5RDG�,OOHJDO�'XPS�6LWH�5HPHGLDWLRQ�2YHUVLJKW��'HO�1RUWH�&RXQW\��&$

3URMHFW�0DQDJHU�IRU�ZDVWH�UHPRYDO�RYHUVLJKW�DQG�VDPSOLQJ�DQG�DQDO\VLV�IRU�DQ�LOOHJDO�GXPS�VLWH�

RQ�<XURN�7ULEDO�DQG�SULYDWHO\�RZQHG�ODQGV�LQ�UHPRWH�QRUWKHUQ�&DOLIRUQLD��3UHSDUHG�VFRSH�RI�ZRUN��

FRRUGLQDWHG�VWDÑ��DQG�VXEFRQWUDFWRUV��GRFXPHQWHG�ZDVWH�UHPRYDO��DQG�SURYLGHG�&DO5HF\FOH�ZLWK�

VXEFRQWUDFWRU�RSWLRQV�IRU�KLJK�DQJOH�WUDLQLQJ��6WDÑ��ZDV�WUDLQHG�IRU�ZRUN�RQ�KLJK�DQJOH�VORSHV�DQG�

WKHQ�PDGH�DYDLODEOH�WR�&DO5HF\FOH�DURXQG�WKH�FORFN�DQG�RQ�ZHHNHQGV�WR�GRFXPHQW�ZDVWH�UHPRYDO�

RYHU�D�VL[�ZHHN�SHULRG�

7XOOH\�&UHHN�,OOHJDO�'XPS�6LWH�5HPHGLDWLRQ�2YHUVLJKW��+XPEROGW�&RXQW\��&$

3URMHFW�PDQDJHU�UHVSRQVLEOH�IRU�FRQGXFWLQJ�VDPSOLQJ�DQG�SURYLGLQJ�ZDVWH�FKDUDFWHUL]DWLRQ�IRU�VRLO�

DQG�DVK�WR�EH�GLVSRVHG��&RRUGLQDWHG�ZLWK�PXOWLSOH�ODERUDWRULHV�WR�SHUIRUP�DQDO\VHV�RYHU�D�ZHHNHQG�

WR�PHHW�WKH�YHU\�WLJKW�VFKHGXOH�DQG�QHHGV�RI�&DO5HF\FOH�

)RUPHU�0F&OHOODQ�$)%�*URXQGZDWHU�0RQLWRULQJ�:HOO�DQG�69(�:HOO�1HWZRUN�2SWLPL]DWLRQ��

6DFUDPHQWR��&$

6XSHUYLVLQJ�ULJ�JHRORJLVW�UHVSRQVLEOH�IRU�VXSHUYLVLQJ�WKH�GULOOLQJ�DQG�LQVWDOODWLRQ�RI�JURXQGZDWHU�

PRQLWRULQJ�ZHOOV�DQG�VRLO�YDSRU�H[WUDFWLRQV�ZHOOV��'RFXPHQWHG�WKH�OLWKRORJ\�LQ�DFFRUGDQFH�ZLWK�WKH�

8QL¿�HG�6RLO�&ODVVL¿�FDWLRQ�6\VWHP��GHWHUPLQHG�GHSWK�WR�JURXQGZDWHU��GHYHORSHG�ZHOO�FRQVWUXFWLRQ�

VSHFL¿�FDWLRQV��DQG�PRQLWRUHG�VLWH�KHDOWK�DQG�VDIHW\�LQ�WKH�ZRUN�DUHDV��6HUYHG�DV�SULPDU\�DXWKRU�

DQG�WHDP�FRRUGLQDWRU�RI�WKH�)LHOG�6XPPDU\�5HSRUW��)65���ZKLFK�LQFOXGHG�VLWH�PDSV�IRU�HDFK�ZHOO�

ORFDWLRQ��OLWKRORJLF�ORJV��ZHOO�FRQVWUXFWLRQ�GLDJUDPV��DQG�ZDVWH�PDQLIHVWV�WKDW�GRFXPHQWHG�SURSHU�

GLVSRVDO�RI�LQYHVWLJDWLRQ�GHULYHG�ZDVWH�
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'RQ�2OVHQ��3(��&(*��&+*��LV�D�SULQFLSDO�RI�+ROGUHJH�	�.XOO�

DQG�*HQHUDO�0DQDJHU�RI�WKH�&KLFR�DQG�<XED�&LW\�RÒ��FHV��+H�

KDV�EHHQ�LQ�WKH�LQGXVWU\�IRU����\HDUV��WKH�ODVW����RI�ZKLFK�

KDYH�EHHQ�ZLWK�+	.��+LV�H[SHULHQFH�LQFOXGHV�JHRWHFKQLFDO�

HQJLQHHULQJ��FLYLO�HQJLQHHULQJ��HQJLQHHULQJ�JHRORJ\��

K\GURJHRORJ\��DQG�FRQVWUXFWLRQ�PDQDJHPHQW��+H�LV�D�6XEMHFW�

0DWWHU�([SHUW�ZLWK�WKH�&DOLIRUQLD�%RDUG�IRU�3URIHVVLRQDO�

(QJLQHHUV��*HRORJLVWV�DQG�/DQG�6XUYH\RUV�DQG�DVVLVWV�ZLWK�

SUHSDUDWLRQ�DQG�JUDGLQJ�RI�H[DP�TXHVWLRQV�

0U��2OVHQ¶V�K\GURJHRORJ\�SURMHFWV�KDYH�LQFOXGHG�JURXQGZDWHU�

UHVRXUFH�HYDOXDWLRQV��ORQJ�WHUP�JURXQGZDWHU�UHFKDUJH�

HVWLPDWHV��JURXQGZDWHU�VHHSDJH�DQG�FRQWDPLQDQW�WUDQVSRUW�

UHPHGLDWLRQ��ZHOO�SRLQWV��ODUJH�SXPSLQJ�ZHOOV��DQG�FRÑ�HU�GDP�

H[FDYDWLRQ�GHZDWHULQJ�V\VWHPV��DTXLIHU�FKDUDFWHUL]DWLRQ�XVLQJ�

SXPSLQJ�ZHOO�DQG�VOXJ�WHVWV��DQG�¿�HOG�SHUPHDELOLW\�WHVWLQJ�E\�

VHDOHG�GRXEOH�ULQJ�LQ¿�OWURPHWHU��6'5,��DQG�WZR�VWDJH�ERUHKROH�

LQ¿�OWURPHWHU�76%,�PHWKRGV�

5HSUHVHQWDWLYH�3URMHFWV

&LW\�RI�/LQFROQ�&ORVHG�/DQG¿�OO��/LQFROQ��&$

3URMHFW�PDQDJHU�UHVSRQVLEOH�IRU�WKH�FRQFHSWXDO�VLWH�PRGHO�

�&60��WR�DVVHVV�WKH�VRXUFHV�DQG�H[WHQW�RI�D�FRQWDPLQDQW�

SOXPH�HPDQDWLQJ�IURP�WKH�ODQG¿�OO�SURSHUW\��8VLQJ�WKH�UHVXOWV�

RI�WKH�&06��GHVLJQHG�D�SHULPHWHU�WUHQFK�GHZDWHULQJ�V\VWHP�

WKDW�ZLOO�ORZHU�WKH�JURXQGZDWHU�OHYHO�WR�EHORZ�WKH�ERWWRP�

RI�WKH�ZDVWH�DQG�H[WUDFW�WKH�H[LVWLQJ�SOXPH�WR�PHHW�WKH�

UHTXLUHPHQWV�RI�WKH�&DOLIRUQLD�:DWHU�4XDOLW\�&RQWURO�%RDUG��0U��

2OVHQ�ZDV�WKH�HQJLQHHU�RI�UHFRUG�IRU�FRQVWUXFWLRQ�RI�WKH�FXWRÑ��

WUHQFK�GHZDWHULQJ�V\VWHP��'XULQJ�FRQVWUXFWLRQ��KH�GHVLJQHG�

DQ�DOWHUQDWLYH�WUHQFKLQJ�V\VWHP�ZKLFK�DOORZHG�WKH�FRQWUDFWRU�

WR�DYRLG�VKRULQJ�RI�WKH�WUHQFKHV�GXH�WR�VLGH�ZDOO�FDYLQJ��7KH�

DOWHUQDWLYH�WUHQFKLQJ�GHVLJQ�UHVXOWHG�LQ�VXEVWDQWLDO�FRVW�VDYLQJV�

WR�WKH�RYHUDOO�FRQVWUXFWLRQ�SURMHFW�

1HDO�5RDG�/DQG¿�OO��%XWWH�&RXQW\��&$

3URMHFW�PDQDJHU�IRU�FRQVWUXFWLRQ�TXDOLW\�DVVXUDQFH�HQJLQHHULQJ�

VHUYLFHV�IRU�¿�QDO�FORVXUH�RI�ZDVWH�PDQDJHPHQW�XQLWV�������DQG�

��DQG�IRU�FRQVWUXFWLRQ�RI�OLTXLG�ZDVWH�PDQDJHPHQW�SRQGV�

(GXFDWLRQ

�� 0�6��LQ�*HRORJ\��&LYLO�(QJLQHHULQJ�

�JHRWHFKQLFDO�HPSKDVLV���6DQ�

-RVH�6WDWH�8QLYHUVLW\

�� %�6��LQ�(QJLQHHULQJ�*HRORJ\��6DQ�

'LHJR�6WDWH�8QLYHUVLW\

5HJLVWUDWLRQV�&HUWL¿�FDWLRQV

�� 3URIHVVLRQDO�(QJLQHHU��&$�1R��

�����

�� &HUWL¿�HG�(QJLQHHULQJ�*HRORJLVW��

&$�1R������

�� 3URIHVVLRQDO�*HRORJLVW��&$�1R��

����

�� &HUWL¿�HG�+\GURJHRORJLVW��&$

1R�����

([SHUWLVH

�� &LYLO�DQG�*HRWHFKQLFDO�

(QJLQHHULQJ�'HVLJQ

�� &RQVWUXFWLRQ�3URMHFW�0DQDJHPHQW

�� /DQG¿�OO�)LQDO�&RYHU�DQG�%DVH�

/LQHU�6\VWHPV

�� *URXQGZDWHU�5HVRXUFH�(YDOXDWLRQ

�� &RQWDPLQDQW�7UDQVSRUW�0RGHOLQJ

�� (ODVWLF�DQG�&RQVROLGDWLRQ�

6HWWOHPHQW�$QDO\VLV

�� 3LHU�DQG�3LOH�)RXQGDWLRQV

�� &HOO�7RZHU�)RXQGDWLRQV

�� 5HWDLQLQJ�:DOOV

$Ò��OLDWLRQV

�� $6)(�7KH�%HVW�3HRSOH�RQ�(DUWK

�� $PHULFDQ�6RFLHW\�RI�&LYLO�

(QJLQHHUV

�� $VVRFLDWLRQ�RI�(QJLQHHULQJ�

*HRORJLVWV

'RQ�2OVHQ��3(��&(*��&+*

*HQHUDO�0DQDJHU��<XED�&LW\�DQG�&KLFR�2Ò��FHV

3ULQFLSDO�LQ�&KDUJH�DQG�3URMHFW�0DQDJHU
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-DVRQ�0XLU��3(��*(��PDQDJHV�+	.¶V�1HYDGD�&LW\�(QYLURQPHQWDO�

'LYLVLRQ�DQG�LV�DQ�+	.�3ULQFLSDO��+LV�SURIHVVLRQDO�EDFNJURXQG�

LQFOXGHV�VLWH�FKDUDFWHUL]DWLRQ��ULVN�DVVHVVPHQW�DQG�UHPHGLDWLRQ�

XQGHU�&(5&/$��PLQH�SHUPLWWLQJ�DQG�UHFODPDWLRQ�XQGHU�60$5$��

DQG�ZDWHU�TXDOLW\�HYDOXDWLRQ�DQG�SHUPLWWLQJ�XQGHU�WKH�&DOLIRUQLD�

:DWHU�&RGH�DQG�7LWOH�����+H�DQG�KLV�WHDP�KDYH�SHUIRUPHG�RYHU�

����3KDVH�,�DQG�3KDVH�,,�HQYLURQPHQWDO�DVVHVVPHQWV�UHODWHG�

WR�HQYLURQPHQWDO�FRQGLWLRQV�LQFOXGLQJ�K\GURFDUERQ�DQG�VROYHQW�

UHOHDVH��SHVWLFLGH�UHVLGXDOV��XQSHUPLWWHG�ZDVWH�GLVSRVDO�VLWHV�DQG�

DEDQGRQHG�PLQH�ODQG��

0U��0XLU�KDV�SURYLGHG�VLWH�FKDUDFWHUL]DWLRQ��ULVN�DVVHVVPHQW��

UHPHGLDO�GHVLJQ�DQG�RU�UHPHGLDO�TXDOLW\�DVVXUDQFH�IRU�RYHU�WKUHH�

GR]HQ�VLWHV�UHJXODWHG�E\�WKH�&DOLIRUQLD�(3$�'HSDUWPHQW�RI�7R[LF�

6XEVWDQFHV�&RQWURO��'76&���+H�DQG�KLV�WHDP�KDYH�FKDUDFWHUL]HG�

DEDQGRQHG�PLQH�ODQGV�WRWDOLQJ�RYHU�������DFUHV�LQ�QRUWKHUQ�

&DOLIRUQLD��DQG�WKH\�KDYH�SDUWLFLSDWHG�LQ�HLJKW�86(3$�%URZQ¿�HOG�

DVVHVVPHQW�DQG�FOHDQXS�SURMHFWV��0U��0XLU�DOVR�SHUIRUPV�

WUDQVSRUWDWLRQ�FRUULGRU�VWXGLHV�WR�IDFLOLWDWH�HQYLURQPHQWDO�UHYLHZ��

DV�ZHOO�DV�3KDVH�,�,,�LQYHVWLJDWLRQV�IRU�$'/�DQG�12$�SXUVXDQW�WR�

&DOWUDQV�DQG�&DOLIRUQLD�(3$�JXLGHOLQHV�

5HSUHVHQWDWLYH�3URMHFWV

<XED�5LYHU�&KDUWHU�6FKRRO��*UDVV�9DOOH\��&$

3URMHFW�PDQDJHU�IRU�D�KD]DUGRXV�PDWHULDOV�VLWH�LQYHVWLJDWLRQ�DQG�

SUHSDUDWLRQ�RI�D�5HPRYDO�$FWLRQ�:RUN�3ODQ��5$:��DSSURYHG�E\�

'76&�IRU�D�QHZ�HOHPHQWDU\�VFKRRO�FDPSXV��7KH�FOHDQXS�SODQ�

FKDUDFWHUL]HG�DQ�H[LVWLQJ�EXUQ�GXPS�DQG�VSHFL¿�HG�SURFHGXUHV�

IRU�UHPHGLDWLRQ�RI�OHDG�LPSDFWHG�VRLO�WR�DOORZ�WKH�VFKRRO�

FRQVWUXFWLRQ�SURMHFW�WR�PRYH�IRUZDUG��%DVHG�RQ�WKH�FOHDQXS�

SODQ��WKH�VFKRRO�ZDV�DZDUGHG�D�86(3$�%URZQ¿�HOG�FOHDQXS�

JUDQW�RI����������WR�UHPHGLDWH�WKH�EXUQ�GXPS��ZKLFK�ZDV�

FRPSOHWHG�DQG�DSSURYHG�E\�'76&�LQ�WKH�IDOO�RI������XQGHU�+	.¶V�

VXSHUYLVLRQ�

'HHU�&UHHN�6WRFNLQJ�)ODW�((�&$��1HYDGD�&LW\��&$

3URMHFW�PDQDJHU�IRU�VLWH�LQYHVWLJDWLRQ�UHODWHG�WR�DQ�(QJLQHHULQJ�

(YDOXDWLRQ�&RVW�$QDO\VLV��((�&$��DQG�+XPDQ�DQG�(FRORJLFDO�5LVN�

$VVHVVPHQW��+(5$��SHUIRUPHG�RQ�EHKDOI�RI�WKH�8QLWHG�6WDWHV�

%XUHDX�RI�/DQG�0DQDJHPHQW��%/0���7KH�DVVHVVPHQW�LQFOXGHG�

FKDUDFWHUL]DWLRQ�RI�KDUG�URFN�DQG�SODFHU�PLQH�ZDVWH�GHSRVLWV�DQG�

DVVHVVPHQW�RI�GRZQVWUHDP�PHUFXU\�DQG�PHWK\OPHUFXU\�LPSDFW��

:RUN�ZDV�SHUIRUPHG�LQ�FRQMXQFWLRQ�ZLWK�86*6�DQG�856�*URXS�

(GXFDWLRQ

�� 0�6��LQ�(QYLURQPHQWDO�

(QJLQHHULQJ��8�&��%HUNHOH\

�� %�$��LQ�(QYLURQPHQWDO�6FLHQFH��

8�&��%HUNHOH\

5HJLVWUDWLRQV�&HUWL¿�FDWLRQV

�� 3URIHVVLRQDO�(QJLQHHU��&$�1R��

�����

�� *HRWHFKQLFDO�(QJLQHHU��&$�1R��

����

([SHUWLVH

�� 3KDVH�,�,,�6LWH�$VVHVVPHQW

�� 3UHOLPLQDU\�(QGDQJHUPHQW�

$VVHVVPHQW

�� 6RLO��6RLO�9DSRU��DQG�*URXQGZDWHU�

5HPHGLDWLRQ

�� +XPDQ�+HDOWK�DQG�(FRORJLFDO�5LVN�

$VVHVVPHQW

�� &RQWDPLQDQW�7UDQVSRUW�0RGHOLQJ

�� *HRWHFKQLFDO�,QYHVWLJDWLRQ�DQG�

'HVLJQ

$Ò��OLDWLRQV

�� *HRSURIHVVLRQDO�%XVLQHVV�

$VVRFLDWLRQ

�� $PHULFDQ�6RFLHW\�RI�&LYLO�

(QJLQHHUV

�� $VVRFLDWLRQ�RI�'ULOOHG�6KDIW�

&RQWUDFWRUV

�� (QJLQHHU¶V�$VVRFLDWLRQ�RI�1HYDGD�

&RXQW\

�� 3ODFHU�$UFKLWHFWV��*HRORJLVWV��

(QJLQHHUV��DQG�6XUYH\RUV

�� &DOLIRUQLD�$EDQGRQHG�0LQH�/DQG�

)RUXP

0DQDJHU��1HYDGD�&LW\�(QYLURQPHQWDO�'LYLVLRQ

3ULQFLSDO�LQ�&KDUJH�DQG�3URMHFW�0DQDJHU
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%U\DQ�%RWVIRUG�MRLQHG�+ROGUHJH�	�.XOO�WKUHH�\HDUV�DJR�DIWHU�

ZRUNLQJ�LQ�WKH�:DVWH�'LVFKDUJH�5HTXLUHPHQW�HQIRUFHPHQW�

GLYLVLRQ�RI�WKH�5:4&%��+H�LV�DQ�LQYDOXDEOH�DVVHW�WR�WKH�

¿�UP��SHUIRUPLQJ�QXPHURXV�DQG�YDULHG�SURMHFWV��LQFOXGLQJ�

FRQWDPLQDWHG�VRLO�DQG�JURXQGZDWHU�LQYHVWLJDWLRQV�DQG�

UHPHGLDWLRQ��FRQWDPLQDQW�WUDQVSRUW�HYDOXDWLRQV��JHRWHFKQLFDO�

LQYHVWLJDWLRQV��JHRORJLF�HYDOXDWLRQV��DEDQGRQHG�PLQH�ODQH�

FKDUDFWHUL]DWLRQV��PLQH�SHUPLWWLQJ��6WRUP�:DWHU�3ROOXWLRQ�

3UHYHQWLRQ�3ODQ��6:333��SUHSDUDWLRQ�DQG�LPSOHPHQWDWLRQ��DQG�

ODQG¿�OO�SRVW�FORVXUH�PRQLWRULQJ�

5HSUHVHQWDWLYH�3URMHFWV

0F&RXUWQH\�5RDG�/DQG¿�OO��*UDVV�9DOOH\��&$

3ULPDU\�OLDLVRQ�ZLWK�WKH�1HYDGD�&RXQW\�3XEOLF�:RUNV�

GHSDUWPHQW�IRU�+	.¶V�JHQHUDO�HQJLQHHULQJ�FRQWUDFW�IRU�WKLV�

ODQG¿�OO�SURMHFW��3HUIRUPHG�DQG�RYHUVDZ�JURXQGZDWHU��VXUIDFH�

ZDWHU��OHDFKDWH��DQG�ODQG¿�OO�JDV�PRQLWRULQJ��DQG�ZRUNHG�ZLWK�

WKH�&HQWUDO�9DOOH\�:DWHU�%RDUG�GXULQJ�WKH�:'5�UHYLVLRQ�IRU�WKH�

IDFLOLW\��$OVR�GHYHORSHG�DQ�XSGDWHG�3RVW�&ORVXUH�0DLQWHQDQFH�

3ODQ�DQG�D�6WRUP�:DWHU�3ROOXWLRQ�3UHYHQWLRQ�3ODQ�IRU�WKH�IDFLOLW\��

DQG�GHYHORSHG�D�ZRUN�SODQ�IRU�WKH�LQVWDOODWLRQ�RI�DGGLWLRQDO�

ZHOOV�DORQJ�WKH�JURXQGZDWHU�SRLQW�RI�FRPSOLDQFH�DW�WKH�IDFLOLW\�

)RUPHU�6LHUUD�)DUPV�����*HRUJHWRZQ��&$

6WDÑ��JHRORJLVW�LQ�FKDUJH�RI�LPSOHPHQWLQJ�D�VLWH�LQYHVWLJDWLRQ�

ZRUN�SODQ�WKDW�LQFOXGHG�GHYHORSPHQW�RI�D�GULOOLQJ�DQG�VDPSOLQJ�

VWUDWHJ\�WR�FKDUDFWHUL]H�SHWUROHXP�K\GURFDUERQ�FRQWDPLQDWLRQ�LQ�

D�IUDFWXUHG�EHGURFN�DTXLIHU��&KDUDFWHUL]DWLRQ�WHFKQLTXHV�LQFOXGHG�

ZHDWKHUHG�URFN�FRUH�VDPSOLQJ��JURXQGZDWHU�PRQLWRULQJ�ZHOO�

GHVLJQ�DQG�LQVWDOODWLRQ��DQG�JURXQGZDWHU�VDPSOLQJ�

8SSHU�'U\�&UHHN�6ODWH�0LQH��$PDGRU�&RXQW\��&$

6WDÑ��JHRORJLVW�UHVSRQVLEOH�IRU�GHYHORSLQJ�DQG�LPSOHPHQWLQJ�

D�VDPSOLQJ�DQG�DQDO\VLV�SODQ�WR�FKDUDFWHUL]H�PLQHG�VODWH�

GHSRVLWV�DQG�RYHUEXUGHQ�LQ�DFFRUGDQFH�ZLWK�7LWOH����SHUPLWWLQJ�

UHTXLUHPHQWV��:RUN�ZDV�SHUIRUPHG�XQGHU�&HQWUDO�9DOOH\�:DWHU�

%RDUG�RYHUVLJKW��7KH�UHVXOWV�ZHUH�VXPPDUL]HG�LQ�D�:DVWH�

&KDUDFWHUL]DWLRQ�UHSRUW�ZKLFK�FRPSDUHG�WRWDO�DQG�VROXEOH�

PHWDOV�WR�FRPPRQ�UHJXODWRU\�EHQFKPDUNV��DQG�GHVFULEHG�WKH�

DFLG�JHQHUDWLRQ�SRWHQWLDO�RI�WKH�PDWHULDO�WR�EH�GLVFDUGHG�DV�

ZDVWH�URFN�DW�WKH�VLWH��7KLV�UHSRUW�DOVR�GHVFULEHG�WKH�SRWHQWLDO�

IRU�WKH�PLQLQJ�RSHUDWLRQ�WR�GHJUDGH�ZDWHU�TXDOLW\�GRZQVWUHDP�

RI�WKH�VLWH��

(GXFDWLRQ

�� %�6��LQ�*HRORJ\��&68�6DFUDPHQWR

6SHFLDOL]HG�7UDLQLQJ

�� ���+RXU�+D]DUGRXV�:DVWH�

2SHUDWLRQV

�� ��+RXU�$QQXDO�+$=:23(5

([SHUWLVH

�� 6LWH�LQYHVWLJDWLRQV

�� *URXQGZDWHU�PRQLWRULQJ

�

6WDÑ��*HRORJLVW
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&DE�(VSRVLWR�MRLQHG�+ROGUHJH�	�.XOO�LQ������ZKHUH�KH�LV�

EULQJLQJ�IRXU�\HDUV�RI�HQYLURQPHQWDO�FRQVXOWLQJ�H[SHULHQFH��

+H�JUDGXDWHG�IURP�1RUWKHUQ�$UL]RQD�8QLYHUVLW\�ZLWK�D�GHJUHH�

LQ�JHRORJ\��SDUWLFLSDWHG�LQ�RLO�DQG�JDV�H[SORUDWLRQ�LQ�7H[DV�DQG�

3HQQV\OYDQLD��DQG�KDV�ZRUNHG�RQ�PXOWLSOH�PLQH�UHPHGLDWLRQ�

SURMHFWV�LQFOXGLQJ�PXOWLSOH�6XSHUIXQG�VLWHV��&DE�KDV�H[SHULHQFH�

LQ�VLWH�FKDUDFWHUL]DWLRQ��HQYLURQPHQWDO�VDPSOLQJ��JHRWHFKQLFDO�

LQYHVWLJDWLRQV��K\GURORJLF�PRQLWRULQJ��¿�HOG�LQVWUXPHQWDWLRQ��

DQG�FRQVWUXFWLRQ�PDQDJHPHQW�RI�ZHOO�LQVWDOODWLRQV�DQG�ODUJH�

HDUWKZRUNV�SURMHFWV�

5HSUHVHQWDWLYH�3URMHFWV

3ODWRUR�0LQH��3ODWRUR��&2

6WDÑ��JHRORJLVW�IRU�D�VWDQGDUG�¿�HOG�SDUDPHWHU�DQDO\VLV�RQ�

ZDWHU�VDPSOHV�WR�HYDOXDWH�WKH�HÒ��FLHQF\�RI�WKH�FXUUHQW�ZDWHU�

WUHDWPHQW�SODQW��$OVR�PDQDJHG�WKH�K\GURORJLF�GDWDEDVH�IRU�

WKH�SURMHFW��LQFOXGLQJ�FRPSOH[�VXUIDFH�ZDWHU�JURXQGZDWHU�

LQWHUDFWLRQV�

)RUW�.QR[�*ROG�0LQH��)DLUEDQNV��$.

6WDÑ��JHRORJLVW�LQ�FKDUJH�RI�D�¿�HOG�LQYHVWLJDWLRQ�SURJUDP�WR�

VXSSRUW�D�K\GURJHRORJLFDO�HYDOXDWLRQ�DW�WKH�)RUW�.QR[�*ROG�0LQH��

6XSHUYLVHG�GULOOLQJ�DFWLYLWLHV��SHUIRUPHG�JHRORJLF�URFN�ORJJLQJ��
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1.0 INTRODUCTION 

This Field Sampling Plan (FSP) presents, in specific terms, the requirements and 
procedures for conducting field operations, laboratory analysis of environmental 
samples, and data reduction and verification procedures. This project-specific FSP has 
been prepared to ensure (1) the data quality objectives specified for this project are met, 
(2) the field sampling protocols are documented and reviewed in a consistent manner, 
and (3) the data collected are scientifically valid and defensible.  

Guidelines followed in the preparation of this plan are set out in the: Data Quality 
Objectives Process for Superfund, Interim Final Guidance (United States Environmental 
Protection Agency [U.S. EPA], 1993). 

This FSP is required reading for all staff participating in the work effort. The FSP shall 
be in the possession of the field teams collecting the samples. All subcontractors shall 
be required to comply with the procedures documented in this FSP in order to maintain 
comparability and representativeness of the collected and generated data. 

1.2 Purpos e and Scope 
The purpose of this FSP is to present procedures for conducting field-related activities, 
such as soil sample collection, soil boring drilling, well installation, well development, 
sampling and analysis, and the preparation of associated documentation. This FSP will 
be used as general guidance on all H&K environmental field projects (specific details 
related to sampling, analysis, and health and safety requirements will be provided in 
project- or site-specific work plans).  
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2.0 SCOPE AND OBJECTIVES 

2.1 Data Quality Object ives 
The data quality objectives (DQO) define the quality, quantity, and type of data needed 
to make decisions. The DQOs established for this program are presented in Table 3-1. 

 

Table 2-1.  Data Quality Object ives for Closed Li ncoln Landf ill   

Problems to be resolved: 

x Is landfill waste impacting environmental media (groundwater and surface water) on 
and off site? 

x Is the landfill groundwater meeting the water quality protection standard? 
x Is the perimeter dewatering cutoff trench remedy achieving groundwater level 

compliance? 
x Is there redundancy in the groundwater monitoring well network? 
 
Decisions to be made: 

x Is the groundwater TDS plume increasing or decreasing in size? 
x Is the TDS plume impacting surface water in the Auburn Ravine? 
x Is groundwater being maintained at a level less than or equal to 186.4 feet mean sea 

level? 
x Can monitoring wells be removed from the monitoring well network? 
 
Inputs to the decision: 

x Field data (geologic, hydrogeologic, hydrologic, visual observations, well 
construction details, etc.). 

x Analyze samples (groundwater and surface water) for monitoring parameters and 5-
year contaminants of concern. 

 
Boundaries of the program: 

x All media (soil, sediment, surface water, and groundwater) within the specific site 
boundary. 

 
Decision rules: 

x Analytical decision rules are defined in Waste Discharge Requirements Order No. 
R5-2003-0142 

x Groundwater levels in wells within the perimeter dewatering cutoff trench must 
consistently achieve the compliance elevation. 

 
Sources of uncertainty: 

x The variability of field and analytical procedures. 
x The possibility of unknown contaminants of concern and potential future data gaps. 
x Effectiveness of the remedy in place to limit off site migration of the TDS plume 
x Effectiveness of the remedy in place to lower groundwater levels to the compliance 

elevation. 
 
Optimize design for obtaining data: 
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x Collect samples and analyze in accordance with the WDR Order No. R5-2003-0142 
and the Corrective Action Work Plan (H&K, 2014). 

 

2.2 Sample Analysis Summary 
The sample analysis details are provided in MRP Sections D, E, and F and include the 
analytical methods to be performed for each environmental media (leachate, 
groundwater, and surface water). A summary of environmental media, analytical 
parameters, and sample quantities is provided in Table 3-2. 

2.3 Field  Activities 
The field activities, including the type, number, and location of samples is to be 
documented on field data sheets or a field notebook. Example field data sheets are 
included in Appendix A. 

Table 2-2.  Sample Analysis Summary  
Sampling Media, Analytes and Analytical  
Methods  

Second Half 
2016 

First  Half 
2017 

Second Half 
2017 

First  Half 
2018 

Second Half 
2018 

First  Half 
2019 

GROUNDWATER             

Monitoring Parameters             

Total Dissolved Solids (SM 2540C) 17 17 17 17 17 17 

Total Alkalinity (SM 2310B) 17 17 17 17 17 17 

Bicarbonate (SM 2310B)             

Chloride (EPA 300) 17 17 17 17 17 17 

Nitrate-Nitrogen (EPA 300) 17 17 17 17 17 17 

Sulfate (EPA 300) 17 17 17 17 17 17 

Total metals Calcium, Magnesium, 
Potassium, Sodium (EPA 200.7) 

17 17 17 17 17 17 

Volatile Organic Compounds (EPA 8260B)  17 17 17 17 17  

Duplicate VOCS (EPA 8260B) 2 2 2 2 2  

Trip Blank VOCs (EPA 8260B) 2 2 2 2 2  

Field Blank VOCs (EPA 8260B) 2 2 2 2 2  

5-Year Cons tituents of  Concern             
Inorganics (dissolved) (200.7/245.1))      17 

Cr VI ( SM 7199/1636)      17 
 Sulfide (SM 4500 SF)      17 

 Cyanide (SM 4500 CNE)      17 

Volatile Organic Compounds (EPA 8260B, 
Extended List) 

     17 

Duplicate VOCS  (EPA 8260B, Extended 
List) 

     2 

Trip Blank VOCs  (EPA 8260B, Extended 
List) 

     2 

Field Blank VOCs  (EPA 8260B, Extended 
List) 

     2 

Semi-Volatile Organic Compounds (EPA 
8270) 

     17 

Organophosphorus Pesticides (EPA 8041A)        17 

Chlorinated  Herbicides (EPA 8151)      17 

Organochlorine Pesticides (EPA 8081A)      17 

Polychlorinated Biphenyls (EPA 8082) --   -- -- -- 17 
       
STORM/SURFACE WATER             
Monitoring Parameters MRP Table E.4             
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Table 2-2.  Sample Analysis Summary  
Sampling Media, Analytes and Analytical  
Methods  

Second Half 
2016 

First  Half 
2017 

Second Half 
2017 

First  Half 
2018 

Second Half 
2018 

First  Half 
2019 

Parameters 
Total Suspended Solids (SM 2540D) 2 2 2 2 2 2 

Total Dissolved Solids (SM 2540C) 4 4 4 4 4 4 

Total Alkalinity (SM 2310B) 4 4 4 4 4 4 

Carbonate (SM 2310B) 4 4 4 4 4 4 

Bicarbonate (SM 2310B) 4 4 4 4 4 4 

Chloride (EPA 300) 4 4 4 4 4 4 

Nitrate-Nitrogen (EPA 300) 4 4 4 4 4 4 

Sulfate (EPA 300) 4 4 4 4 4 4 

Total metals Calcium, Magnesium, 
Potassium, Sodium (EPA 200.7) 

4 4 4 4 4 4 

Volatile Organic Compounds (EPA 8260B) 4 4 4 4 4 4 

Trip Blank VOCs (EPA 8260B) 2 2 2 2 2 2 

LEACHATE SEEPS       

        

Total Dissolved Solids (SM 2540C)       

Total Alkalinity (SM 2310B)       

Bicarbonate (SM 2310B)       

Chloride (EPA 300)       

Nitrate-Nitrogen (EPA 300)       

Sulfate (EPA 300)       

Total metals Calcium, Magnesium, 
Potassium, Sodium (EPA 200.7) 

      

Inorganics (dissolved) (200.7/245.1))       
Cr VI ( SM 7199/1636)       
 Sulfide (SM 4500 SF)       

 Cyanide (SM 4500 CNE)       

Volatile Organic Compounds (EPA 8260B, 
Extended List) 

      

Duplicate VOCS  (EPA 8260B, Extended 
List) 

      

Trip Blank VOCs  (EPA 8260B, Extended 
List) 

      

Field Blank VOCs  (EPA 8260B, Extended 
List) 

      

Semi-Volatile Organic Compounds (EPA 
8270) 

      

Organophosphorus Pesticides (EPA 8041A)         

Chlorinated  Herbicides (EPA 8151)       

Organochlorine Pesticides (EPA 8081A)       

Polychlorinated Biphenyls (EPA 8082)       

CUTOFF TRENCH DEWATERING SYSTEM        

Total Dissolved Solids (SM 2540D) 4 4 4 4 4 4 
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3.0 FIELD OPERATIONS 

3.1 Property Damage Cont rol  
Caution will be exercised during all field sampling efforts to prevent damage to site 
features or property. However, if an accident or mishap occurs, the following actions will 
be taken:  

x The sampler(s) will call the project manager immediately (unless the accident 
requires emergency attention);  

x The sampler(s) will describe in detail the incident that has occurred;  

x The sampler(s) will document the incident in detail in the daily field log (other 
documentation such as an accident report will also be completed); and  

x The project manager will immediately contact the client project manager to inform 
him or her of the incident and to discuss appropriate actions to be taken (i.e., how 
the property will be repaired or replaced, schedule for repair/replacement, etc.).  

3.2 Equi pment  Decont amination  
All equipment that may directly or indirectly contact samples shall be decontaminated in 
a designated decontamination area. This includes sampling devices and instruments, 
such as pumps and sounders. In addition, the H&K shall take care to prevent the 
sample from coming into contact with potentially contaminating substances, such as 
tape, oil, engine exhaust, corroded surfaces, and dirt. Pumps and sounders require 
decontamination prior to each new site.  

For sampling and smaller hand held devices, scrub the equipment with a solution of 
potable water and Alconox, or equivalent laboratory-grade detergent. Then rinse the 
equipment with copious quantities of potable water followed by ASTM Type II Reagent 
Water. High-pressure liquid chromatograph-grade water and distilled water purchased 
in stores are not acceptable substitutes for ASTM Type II Reagent-Grade Water. Air dry 
the equipment on a clean surface or rack, such as Teflon£, stainless steel, or oil-free 
aluminum elevated at least 2 feet above ground. If the sampling device shall not be 
used immediately after being decontaminated, it shall be wrapped in oil-free aluminum 
foil, or placed it in a closed stainless steel, glass, or Teflon£ container. 

Reagent-Grade II Water, shall be purchased, stored, and dispensed only in glass, 
stainless steel, or Teflon£ containers. These containers shall have Teflon£ caps or cap 
liners. It is the H&K’s responsibility to assure these materials remain free of 
contaminants. If any question of purity exists, new materials shall be used. 

3.3 Waste Handl ing 
Wastewater generated during groundwater sampling as purge water and as 
decontamination rinsate will be temporarily stored in a portable water storage tank 
mounted on a trailer. The wastewater will be transported and disposed to the City of 
Lincoln sanitary sewer at a location designated by the City. 

Used personal protective equipment (PPE) will be considered to be nonhazardous 
waste and will be disposed at an appropriately permitted facility. 
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4.0 FIELD SAMPLING ACTIVITIES 

This section provides procedures related to field sampling, including sample collection 
and handling, field sampling equipment use and calibration, and decontamination 
procedures. 

The construction material (e.g., plastic, PVC, metal) of the sampling devices discussed 
below shall be appropriate for the contaminant of concern and shall not interfere with 
the chemical analyses being performed. 

All purging and sampling equipment shall be decontaminated according to the 
specifications in Section 3 prior to any sampling activities and shall be protected from 
contamination until ready for use. 

4.1 Ground water Moni tor ing Well Sampl ing 
When numerous monitor wells are to be sampled in succession, those wells expected to 
have low levels of contamination or no contamination shall be sampled prior to those 
wells expected to have higher levels of contamination. This practice will help reduce the 
potential for cross-contamination between wells. All sampling activities shall be 
recorded in the field logbook.  

Before groundwater sampling begins, wells shall be inspected for signs of tampering or 
other damage. If tampering is suspected (i.e., casing is damaged, lock or cap is 
missing), this shall be recorded in the field logbook and on the well sampling form, and 
reported to the project manager. Wells that are suspected to have been tampered with 
shall not be sampled until the project manager has discussed the matter with the project 
owner. 

Before the start of sampling activities, plastic sheeting shall be placed on the ground 
surrounding the well. The plastic sheeting shall be used to provide a clean working area 
around the wellhead, and prevent any soil contaminants from contacting sampling 
equipment. Remove water in the protective casing or in the vaults around the well 
casing prior to venting and purging.  

Purge pump intakes shall be equipped with a positive foot check valve to prevent 
purged water from flowing back into the well. Purging and sampling shall be performed 
in a manner that minimizes aeration in the well bore and the agitation of sediments in 
the well and formation. Equipment shall not be allowed to free-fall into a well. 

In addition to the information required in Section 6.0, the following information shall be 
recorded each time a well is purged and sampled: (1) depth to water before and after 
purging, (2) well bore volume calculation, (3) sounded total depth of the monitor well, (4) 
the condition of each well, including visual (mirror) survey, (5) the apparent thickness of 
any nonaqueous layer and, (6) field parameters such as pH, temperature, specific 
conductance, DO (as appropriate), and turbidity (visual).  

4.1.2 Water Level Measurement 

Prior to initiating groundwater sampling, a water level survey will be conducted to 
measure groundwater flow directions and horizontal gradients across the site. Appendix 
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A contains an example water sample data sheet. All measurements will be taken from 
the north side of the casing or as indicated (notched mark). Water levels in all wells and 
piezometers will be measured to the nearest 0.01 foot using an electronic water level 
sounder. All water levels within a site will be measured within 72 hours to provide an 
accurate view of groundwater flow direction. These measurements will be used to 
produce potentiometric surface maps for each horizon. The sounder will be 
decontaminated as discussed in Section 3. 

4.1.3 Purging Prior to Sampling 

Newly installed wells will be sampled no sooner than two days after well development. 
After that, wells will be sampled in the order of least expected contamination to highest 
expected contamination, whenever possible, to minimize the potential for cross-
contamination. Prior to beginning sampling activities, the waterproof, expanding well 
cap on the well casing will be removed. The water level and the depth of the well will be 
measured, and the values obtained will be used to calculate the required purge volume. 

A minimum of three submerged well casing volumes will be removed during purging of 
the monitoring well using a submersible pump. Water quality measurements, including 
pH, SC, temperature, and turbidity (visual) will be performed periodically on samples of 
the discharge water. These measurements are collected at a minimum of five times 
(unless well purges dry) over an evenly spaced time interval of the required purge. 

Once the well is sufficiently purged and the measured parameters have stabilized, the 
well will be considered ready for sampling. Field parameters will be considered 
stabilized when less than 5% change in SC; less than 0.1 unit change in pH; and r1qC 
change in temperature between consecutive measurements is recorded. If the water 
level in a well does not recharge to within 80% of the static water level within one hour, 
it will be considered impractical to purge the well of three well volumes, and the well will 
be pumped dry once more and sampled as soon as 80% recharge has occurred. 

4.1.4 Portable Submersible Pump (Port-a-Reel System) 

An electric submersible pump (2-inch Grundfos® pump) or stainless steel bailer and/or 
a Teflon® bailer are used to purge water and collect samples at wells not equipped with 
dedicated systems. The pump is typically used to purge the groundwater while the 
Teflon® bailer is used for groundwater sample collection. A flow control valve 
attachment at the bottom of the bailer is used to transfer the sample to the sample 
containers. The equipment required to purge and collect groundwater samples are: 

x Submersible pump (2-inch Grundfos® pump attached to a portable hose reel);  

x Water level, pH, temperature, specific conductivity, and turbidity meters; 

x Electrical generator; 

x Wastewater container; 

x Sample truck; 

x Teflon® sample bailer, point source check valve, and flow control bottom-emptying 
assembly; 
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x Plastic buckets; and 

x Hand reel with Teflon® coated stainless steel line or disposable monofilament line. 

4.1.5 Portable Submersible Pump Pre-Sampling Procedures 

Prior to initiating well purging, all sampling equipment that may come in contact with 
well water is decontaminated following the procedure described in Section 3 of this 
FSP. Once decontamination is complete, the following steps are followed prior to 
purging the well. 

1. Measure static water level in the well casing to determine the minimum volume of 
water needed to be purged from the well prior to collection of groundwater samples. 
Measure to the nearest 0.01 foot using an electronic water level sounder. Record the 
levels on the groundwater sampling data sheet. 

2. Position the purge pump reel system over the wellhead (hard hats are required for 
all work involving overhead equipment). 

3. Attach the control converter box to the pump and power supply and start the 
generator. 

4. Attach a garden hose to the Port-a-Reel and place it opposite the wastewater 
container. To prevent siphoning, make sure that hose is not submerged in water in 
the wastewater container. 

5. Attach the power cable to the plug on the power cable reel. Plug the power cable 
into the generator. 

6. Remove a minimum of three times the volume of water initially standing in the well 
casing during purging of the well using a submersible pump; purge volume is 
calculated as follows: 

minimum purge volume (gallons) – 3 x V 
where:  V is the volume of water initially standing in the well casing and L is equal 

to the height of water column above bottom of the well in feet. 
 

V = 3.14r2 L x 7.48 gallons/ft3 

 

The following formula can be used: 
 
total depth = water level x gallons per foot (depends on casing diameter)a x 3 

times well volume. 
 
a for 2-inch well  r = 0.163 
 for 4-inch well  r = 0.65 
 for 6-inch well  r = 1.46 

4.1.6 Submersible Pump Micropurge Procedures 

The pumping rate for purging groundwater monitoring wells using the micropurge 
technique should range from 0.25 to 1.0 lpm. Minimal drawdown should occur during 
micropurging to avoid mixing of stagnant water within the well casing and the 
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groundwater entering the well from the aquifer material. Drawdown should not exceed 
0.5 feet during purging. Wells are purged using micropurge procedures until stabilization 
of pH (r0.1 units), temperature (r1°C), and SC (r5%) occurs, usually after 
approximately two to six sampling system volumes have been purged from the well. 
Sampling system volumes are calculated as the volume of water standing in the 
discharge hose of the dedicated pump system. 

4.1.7 Submersible Pump Macropurge Procedures 

During purging, water parameter measurements, including pH, SC, temperature, and 
turbidity, are performed periodically on samples of the purge water. These 
measurements are collected at a minimum of five times (unless well purges dry) over an 
evenly spaced time interval of the required purge. Results are noted on a groundwater 
sampling data sheet. 

Once the minimum three well volumes have been purged and the measured parameters 
have stabilized, the well is considered ready for sampling. Groundwater parameters are 
considered stabilized when less than a 5% change in SC; less than 0.1 unit change in 
pH; and r1°C change in temperature occurs between consecutive measurements. If the 
water level in a well does not recharge to within 80% of the static water level within one 
hour, the well will be pumped dry once more and sampled as soon as 80% recharge 
has occurred. 

4.1.8 Hand Bailing 

Shallow wells with a small water column or wells that produce insufficient water to 
warrant the use of a pump are purged with a bailer. The equipment required for 
sampling these “low volume” wells includes: 

x Water level sounder; 

x Plastic buckets; 

x Bailing frame; 

x Hand reel; 

x Large-volume stainless steel bailer or PVC bailer; and 

x Teflon® sample bailer, point source check valve, and flow control bottom-emptying 
assembly. 

4.1.9 Hand Bailing Pre-Sampling Procedures 

Prior to initiating well purging, all sampling equipment that may come in contact with 
well water is decontaminated following the procedure described in Section 3 of this 
FSP. Once decontamination is complete, the following steps will be followed prior to 
purging the well. 

1. Measure static water level to determine the minimum volume of water that needs to 
be purged from the well prior to collection of groundwater samples. Measure to the 
nearest 0.01 foot using an electronic water level sounder. Record the levels on the 
groundwater sampling data sheet. 
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2. Calculate the volume of water to be purged from the well using the minimum purge 
volume formula. 

3. Secure large-volume stainless steel or PVC bailer to a stainless steel cable. Using a 
winch or hand reel, slowly lower the bailer to water level. 

4. Purge a minimum of three times the volume water in the casing using the stainless 
steel or PVC bailer. 

4.1.10 Hand Bailing Well Purging Procedures 

During purging, water quality measurements, including pH, SC, temperature, and 
turbidity are performed periodically on samples of the purge water. These 
measurements are collected six times over an evenly spaced time interval of the 
required purge. Measurements are noted on the groundwater purge log. 

Once the minimum three well volumes have been purged and the measured 
groundwater parameters have been stabilized, the well is considered ready for 
sampling. Field parameters are considered stabilized when there is less than a 5% 
change in SC; less than 0.1 unit change in pH; and r1°C change in temperature 
between consecutive measurements. Sampling will proceed if at least three well 
volumes have been purged and all other parameters are stabilized. If the water level in 
a well does not recharge to within 80% of the static water level within one hour, the well 
is purged dry once more and sampled as soon as 80% recharge has occurred. 

4.1.11 Hand Bailing Sample Collection Procedures 

Groundwater samples are collected from all wells by carefully lowering a Teflon® bailer 
into the water column and allowing the bailer to fill with water. A flow control valve at the 
bottom of the bailer is used to control sample flow into sample containers for samples 
collected for volatile analyses; samples for other parameters are collected by carefully 
decanting the water into sample containers. Sample containers for VOC analyses and 
other applicable parameters are pre-preserved. VOC samples will be collected first, 
followed by SVOCs, inorganics, and finally water quality samples. 

All groundwater sample containers are pre-chilled at 4°C prior to filling to minimize 
volatilization and reduce any reactions with the preservatives. All appropriate measures 
are taken to obtain representative water samples and avoid loss of volatiles in water 
samples. 

4.1.12 Submersible Pump Sample Collection Procedures 

Groundwater samples are collected for all wells by carefully lowering a Teflon® bailer 
into the water column and allowing the bailer to fill with water. The bailer will be lowered 
below the depth at which the purge pump had been placed. A flow control valve at the 
bottom of the bailer is used to control sample flow into sample containers for samples 
collected for volatile analysis; for other parameters, samples are collected by carefully 
decanting the water into the sample containers. Sample containers for VOC analyses 
and other applicable parameters are pre-preserved. VOC samples are collected first, 
followed by SVOCs, inorganics, and finally water quality samples. 
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All groundwater sample containers will be pre-chilled at 4°C prior to collection of 
samples to minimize volatilization and reduce any reactions with preservatives. All 
appropriate measures are taken to obtain representative water samples and avoid loss 
of volatiles in water samples, including filling the container cap with water, allowing a 
miniscus to form on the sample, “tapping” each filled container, and checking for any air 
bubbles. 

4.1.13 Groundwater Sump Sampling 

Groundwater samples will be collected from the in-line sampling port on the discharge 
line of the sump pump. If the pump is not running at the desired time of sampling, the 
pump will be activated using the Grundfos Go-MI 301 infrared remote and online 
application to connect with Grundfos CU 300 controller that operates the pump. The 
following protocol will be used. 
 
x Open the weather proof electrical panel that houses the Grundfos CU 300 controller. 

There is an operations mode light that may be flashing or solid green on the On/Off 
button. The flashing green light indicates that the pump is off and waiting for input 
from the pressure transducer to resume pumping. A solid green light indicates the 
pump is running. 

x Connect the Grundfos Go-MI 301 infrared remote to the online application on a cell 
phone, tablet, or computer using the blue tooth connection.  

x Connect to the CU 300 Controller, using the Grundfos Go-MI 301 infrared remote 
and online application on a cell phone, tablet, or computer.  

x From the application Dashboard select Operating Mode, select Max. The pump 
should turn on and the flashing green light will be solid green.  

x Collect the groundwater sample from the inline spigot on the discharge piping in an 
appropriate container. 

x Turn the pump off by selecting Stop from the Operating Mode screen. The solid 
green light will resume flashing.  

x Reset the system to resume running based the programmed set points by turning off 
the Grundfos CU 300 by holding down the On/Off button for approximately 10 
seconds. The green light will turn red. Turn the Grundfos CU 300 back on. The light 
will turn green and resume pumping based on the programmed set points. 

In addition to the information required in Section 6.0, the following information shall be 
recorded in a field log book each time a sump is sampled and reported in the Quarterly 
O&M report.  
 
x Measure and record the water level in the sump.  

x From the application Dashboard select Status. Record operational data from the 
Status screen during connection with the Grundfos CU 300 controller including: 
Power Consumption, Energy Consumption, Operating Hours, and Number of Starts. 
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x Record the flow meter reading from the in-line Seametrics flow meter/totalizer 
located on the discharge pipe.  

4.2 Leachate Seep Sampl ing 
Small springs of discolored, malodorous leachate, typically found along the lower edges 
of many landfills, may be the only visible indication of landfill leachate migration. Seeps 
may represent the intersection of the water table with the land surface, or they may be 
the discharge from a small perched water table within a landfill. The following protocol 
will be employed to sample leachate seeps, if observed: 
 

x Grab samples of leachate are obtained at the ground surface where leachate is 
observed to discharge. 

x Temperature, pH and specific conductivity are immediately checked in the field after 
obtaining each leachate sample. Results are recorded on a field data sheet or field 
log book. 

x The samples are transferred into appropriate containers and stored in a chilled ice 
chest for transportation to a California certified analytical laboratory. Chain-of-
custody documentation accompanies the samples to the laboratory as specified in 
Section 4.5. Samples analyzed for the appropriate parameters specified in MRP 
R5-2003-0142. 

4.3 Surface Water Sampling 
Collect samples so as not to cause cross-contamination. If collecting both water and 
sediment samples at a specific location, always obtain the water sample first. Measure 
and record pH, temperature, specific conductance, and dissolved oxygen (when 
required) at each surface water sampling point. Permanently mark the location where 
surface water or sediment samples are collected (e.g., flagged stake in stream bank). 
Record the location on a project map for each specific site or zone.  

The sample collection sequence is as follows: (1) if sampling both water and sediment 
or just sediment, start at the most downstream point and proceed upstream, (2) if 
sampling water only and the sample can be taken without disturbing the river or stream 
bottom, obtain any background samples first, then the farthest downstream sample, and 
then move upstream toward the source or discharge point, and (3) if sampling water 
only and the stream or river bottom must be disturbed, start at the most downstream 
point and proceed upstream, 

Samples shall be taken from the active portion of the stream on the side nearest the 
source of contamination or suspected plume. Surface-water samples will be collected 
by direct filling of sample bottles. 

The following records shall be maintained in addition to those in Section 6.0: (1) the 
width, depth, and flow rate of streams, (2) surface water conditions (e.g., floating oil or 
debris, gassing), (3) the location of any discharge pipes, sewers, or tributaries, and (4) 
instrument calibration. 
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4.4 Sample Handl ing 
Sample containers are purchased, precleaned, and treated according to U.S. EPA 
specifications for the appropriate methods. Sampling containers that are reused (e.g., 
soil sleeves) are decontaminated between uses by the U.S. EPA-recommended 
procedures described in Section 3. Cleaned containers are stored separately at the 
contractor’s staging area to prevent exposure to fuels, solvents, and other chemicals. 
Amber bottles shall be used for analyses that may be sensitive to photochemical 
reactions. 

4.5 Sample Custody 
Procedures to ensure the custody and integrity of the samples begin at the time of 
sampling and continue through transport, sample receipt, preparation, analysis and 
storage, data generation and reporting, and sample disposal. Records concerning the 
custody and condition of the samples are maintained in field and laboratory records. 

The contractor shall maintain chain-of-custody records for all field and field quality 
control (QC) samples. A sample is defined as being under a person's custody if any of 
the following conditions exist: (1) it is in their possession, (2) it is in their view, after 
being in their possession, (3) it was in their possession and they locked it up, or (4) it is 
in a designated, secure area. 

All sample containers shall be sealed in a manner that shall prevent or detect tampering 
if it occurs. In no case shall tape be used to seal sample containers. Samples shall not 
be packaged with activated carbon. 

The following minimum information concerning the sample shall be documented on the 
chain-of-custody (COC) form (example COC is provided in Appendix A): 

x Unique sample identification; 

x Date and time of sample collection; 

x Source of sample (including name, location, and sample type); 

x Designation of matrix spike/matrix spike duplicate (MS/MSD); 

x Preservative used; 

x Analyses required; 

x Name of collector(s); 

x Pertinent field data (e.g., pH, temperature); 

x Serial numbers of custody seals and transportation cases (if used); 

x Custody transfer signatures and dates and times of sample transfer from the field to 
transporters and to the laboratory or laboratories; and 

x Bill of lading or transporter tracking number (if applicable). 
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All samples shall be uniquely identified, labeled, and documented in the field at the time 
of collection. 

Samples collected in the field shall be transported to the laboratory or field-testing site 
as expeditiously as possible. When a 4°C requirement for preserving the sample is 
indicated, the samples shall be packed in ice or chemical refrigerant to keep them cool 
during collection and transportation. During transit, it is not always possible to rigorously 
control the temperature of the samples. As a general rule, storage at low temperature is 
the best way to preserve most samples. A temperature blank (a VOCs sampling vial 
filled with water) shall be included in every cooler and used to determine the internal 
temperature of the cooler upon receipt of the cooler at the laboratory. 

4.6 Field  Qualit y Control Samples 
Field QC samples are used to assess the influence of sampling procedures, equipment, 
and handling on the reported results. The results of these field samples will be used to 
assess external contamination, matrix heterogeneity, and total precision associated with 
both sampling and analytical procedures. 

4.6.1 Field Duplicate Samples 

Duplicate sample results are used to assess total precision and variability associated 
with laboratory analysis and sample collection procedures. Duplicate samples are 
collected simultaneously or sequentially from the same source/location using identical 
recovery techniques and are handled identically during transportation and analysis.  

Because more information can be obtained from samples with detectable 
concentrations, efforts will be made to select the duplicate samples from areas with the 
highest potential for contamination. Field duplicates will be collected and analyzed at a 
rate of approximately 10% of the total number of samples per method and matrix 
(project-specific requirements may vary). The samples will be collected, numbered, 
packaged, and sealed in the same manner as other field samples and submitted “blind” 
to the laboratory. 

4.6.2 Trip Blanks 

The trip blank consists of a VOC sample vial filled in the laboratory with ASTM Type II 
reagent grade water, transported to the sampling site, handled like an environmental 
sample and returned to the laboratory for analysis. Trip blanks are not opened in the 
field. Trip blanks are prepared only when VOC samples are taken and are analyzed 
only for VOC analytes. Trip blanks are used to assess the potential introduction of 
contaminants from sample containers or during the transportation and storage 
procedures. One trip blank shall accompany each cooler of samples sent to the 
laboratory for analysis of VOCs. 
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5.0 FIELD MEASUREMENTS 

5.1 Parameters 
Numerous instruments and meters will be used in the field during the investigation. The 
field equipment will be calibrated prior to use, and calibration information will be 
recorded in a logbook that will remain with the project files. Measurement equipment 
that may be needed as various field activities are conducted includes an SC meter, pH 
meter, temperature meter, turbidity meter, and water level indicator. All equipment will 
be calibrated or checked according to manufacturers’ specifications.  

5.2 Equi pment  Calibration and Quali ty Cont rol  

5.2.1 Specific Conductivity 

The SC meter will be calibrated over the operating ranges expected in the field. 
Calibration will be made with a potassium chloride standard solution on each day of 
use. The calibrating standard will not exceed its expiration date. The battery will be 
checked regularly. The cell cup or electrode will be washed with deionized (DI) water 
after each reading, and the cell cup or electrode will be kept clean. 

5.2.2 pH Meter 

The pH meter will be calibrated prior to use for each day that the unit is used. The 
calibration will include the setting of the range and span with a 7.0 pH buffer and a 4.0 
pH or 10.0 pH buffer, depending on whether acidic or alkaline water conditions are 
expected. The calibrating standards will not exceed their expiration dates. The 
calibration of the instrument will be checked at the end of each day of use. The pH 
electrode will contain sufficient liquid, and the outside of the probe will be kept moist. 
The electrode will be rinsed after each use with DI water, and the storage cap replaced. 
If drifting occurs, the probe will be cleaned and recalibrated. 

5.2.3 Temperature Meter 

Groundwater temperature will be measured using the temperature compensation probe 
on the pH meter, the SC meter, or with a mercury thermometer that will be 
decontaminated after each use. The mercury thermometer will be checked for accuracy 
with a National Institute for Standards and Technology (NIST)-calibrated mercury 
thermometer. If the field thermometer does not read within r2 temperature units of the 
calibrating unit, a different field thermometer will be used. 

5.2.4 Turbidity Meter 

The turbidity meter will be calibrated before each well is sampled using a standard 
supplied by the manufacturer of 0.5 NTU. Care will be taken that no air bubbles are in 
the standard solution and that the outside of the vial is clean of all marks affecting the 
reading, including fingerprints. The turbidity meter requires very little periodic 
maintenance. The battery will be checked to ensure that it has sufficient charge. Sample 
vials will be kept clean from smudges and dirt, and the entire instrument will be kept 
clean and dry. 
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5.2.5 Water Level Indicator and Interface Sensor 

The water level indicator and interface sensor will be calibrated before commencement 
of field activities by checking the markings on the tape against a metal measurement 
tape. Readings will be recorded to the nearest 0.01 foot. The battery and electrical 
connections on the water level indicator and the interface sensor will be periodically 
checked. The cable will be inspected for any breaks or bare wires. 

5.3 Equi pment  Maintenanc e and Decont amination 
All field equipment maintenance procedures shall decontaminated according to the 
specifications presented in Section 3 of this document. 

5.4 Field Moni tor ing Measurements 

5.4.1 Groundwater Level Measurements 

Water-level measurements shall be taken in all wells and piezometers to determine the 
elevation of the water table or piezometric surface at least once within a single 72-hour 
period. These measurements shall be taken after all wells and piezometers have been 
installed and developed and their water levels have recovered completely. Any 
conditions (e.g., barometric pressure) that may affect water levels shall be recorded in 
the field log. The field log shall also include the previous water level measurement for 
each well (to determine if current water level is reasonable). 

Water-level measurements shall be taken with electric sounders, air lines, pressure 
transducers, or water-level recorders (e.g., Stevens recorder). Devices that may alter 
sample composition shall not be used. Pressure gauges, manometers, or equivalent 
devices shall be used for flowing wells to measure the elevation of the piezometric 
surface. All measuring equipment shall be decontaminated according to the 
specifications in Section 3. Groundwater level shall be measured to the nearest 0.01 
foot. (Two or more sequential measurements shall be taken at each location until two 
measurements agree to within + or - 0.01 foot.) 

Static water levels shall be measured each time a well is sampled, and before any 
equipment enters the well. If the casing cap is airtight, allow time prior to measurement 
for equilibration of pressures after the cap is removed. Repeat measurements until 
water level is stabilized. 

5.4.3 Groundwater Discharge Measurements 

Groundwater discharge measurements shall be obtained during monitor well purging. 
Groundwater discharges may be measured with orifice meters, containers of known 
volume, in-line meters, flumes, or Weirs, following the guidelines specified in the Water 
Measurement Manual, Bureau of Reclamation, 1967. Measurement devices shall be 
calibrated using containers of known volume. 
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6.0 RECORD KEEPING 

This section describes field data documentation procedures for field logbooks, 
groundwater sampling labels, and COC forms. Examples of the documentation sheets 
for field activities are provided in Appendix A. 

6.1 Dail y Field Sheets or  Logbook  
Field data sheets or logbooks will provide the means of recording data collection 
activities. As such, entries will be described in as much detail as possible so that 
persons going to the site could reconstruct a particular situation without reliance on 
memory. The data sheets will be assigned to field personnel each day, or logbooks will 
be assigned for each field event. Daily field data sheets will be bound at the end of each 
event. 

The data sheet or logbook shall contain the following information: 

x Sampling team; 

x Date; 

x Well number; 

x Volume purged;  

x Samples collected; 

x Quality assurance/quality control (QA/QC); 

x Visitors; 

x Problems; and 

x Comments. 

Measurements made and samples collected will be recorded. All entries will be made in 
indelible black ink, and no correction fluid will be allowed. If an incorrect entry is made, 
the information will be crossed out with a single strike, initialed, and dated. The number 
of the photographs taken of the site, if any, will also be noted. All equipment used to 
make measurements will be identified, along with the date of calibration. 

Samples will be collected following the sampling procedures documented in Section 4.0. 
The equipment used to collect samples will be noted, along with the time of sampling, 
sample description, depth at which the sample was collected, sample volume, and 
number of containers filled. Sample identification numbers will be assigned prior to 
sample collection. Field duplicate samples, which will receive an entirely separate 
sample identification number, will be noted under sample description. 

6.2 Water Sampling Data Sheet 
The water sampling data sheet will be used during groundwater and surface water 
sampling activities (Appendix A). During groundwater and surface water sampling, the 
following information will be recorded: 
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x Installation name; 

x Project; 

x Location ID; 

x Static water level (before sampling); 

x Sampling method; 

x Date/time; 

x Field parameters measured (pH, SC, and temperature); 

x Initials of field technician(s); 

x Weather conditions; 

x Equipment calibration information; and 

x Total number of samples collected and a description of the analyses. 

6.3 Sample Labels 
A sample label will be affixed to all sample containers sent to the laboratory. This 
identification label will be completed with the following information: 

x Project name and location; 

x Sample location; 

x Field identification number; 

x Date and time of sample collection; 

x Initials of sampler; 

x Preservative used; and 

x Analysis required. 

After samples have been collected and the information entered onto the appropriate 
sampling data sheets and labels, a COC record will be completed, as described in 
Section 4.5.
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7.0 DATA REVIEW, VALIDATION, AND AUDITS 

The data review, reporting, and validation procedures described in this section will 
ensure that (1) complete documentation is maintained, (2) transcription and data 
reduction errors are minimized, (3) the data are reviewed and documented, and (4) the 
reported results are qualified, if necessary. Laboratory data reduction and verification 
procedures are required to ensure that the overall objectives of analysis and reporting 
meet method and project specifications. To ensure consistency, H&K uses the technical 
system audit checklist for both laboratory procedures and field procedures, which will 
ensure that the overall objectives of sample collection and analysis meet method and 
project specifications 

7.1 Data Review, Validation,  and Repor ting Requi rements for Defini tive Data 
Scientifically sound data that are of known and documented quality and meet project 
quality objectives (PQOs) are essential for use in the decision making process. Records 
for document data review and validation activities are required for effective assessment 
of the data quality and usability. This is accomplished through a series of data reduction 
and review steps which involve multiple levels in accordance with the principles of good 
laboratory practice. The data can then move forward with attached qualifiers for 
assessment identifying the overall usability of the data. These data are reported in hard 
copy data packages and electronic deliverables. The steps of the various levels of data 
verification, validation, and reporting must be clearly defined and be appropriate for the 
project-specific decision goals. Data reduction procedures, whether performed by 
instrumentation or manually, shall follow methodologies specified in the laboratory 
SOPs or approved analytical methods. Project-specific variation of the general 
procedures, statistical approach, or formulas must be identified according to project-
specific requirements. 

7.1.1 Laboratory Data Review Requirements 

All analytical data generated by the laboratory shall be verified prior to submittal. This 
internal data review process, which is multi-tiered, shall include all aspects of data 
generation, reduction, and QC assessment. Procedures for laboratory verification of 
data shall be summarized in the project QAPP. In each laboratory analytical section, the 
analyst performing the tests shall review 100% of the definitive data. After the analyst’s 
review has been completed, 100% of the data shall be reviewed independently by a 
senior analyst or by the supervisor of the respective analytical section using the same 
criteria. 

The following elements for review/verification at each level must include but not be 
restricted to: 

x Sample receipt procedures and conditions. 

x Sample preparation. 

x Appropriate SOPs and analytical methodologies. 

x Accuracy and completeness of analytical results. 

x Correct interpretation of all raw data, including all manual integrations. 
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x Appropriate application of QC samples and compliance with established control 
limits. 

x Verification of data transfers. 

x Documentation completeness (e.g., all anomalies in the preparation and analysis 
have been identified, appropriate corrective actions have been taken and 
documented in the case narrative, associated data have been appropriately 
qualified, and anomaly forms have been completed). 

x Accuracy and completeness of data deliverables (hard copy and electronic). 

7.1.2 Laboratory Data Reporting Requirements 

The case narrative contains essential information that affords an informed evaluation of 
data usability. The case narrative shall include but not be limited to: 

x A table summarizing samples received, correlated field sample numbers, laboratory 
sample numbers, and laboratory tests completed. 

x A discussion of sample appearance and integrity issues which may affect data 
usability (temperature, preservation, pH, sample containers, air bubbles, 
multiphases, etc.). 

x Samples received but not analyzed and the reason why. 

x A discussion of holding time excursions for sample prep and analyses. 

x Analysis of all out-of-control or discrepancies of calibrations, continuing calibrations 
or QC sample results (surrogates, laboratory control sample [LCS], MS/MSD, post-
digestion spikes, etc.), raw data/chromatograms, and corrective actions taken. 

x Identification of samples and analytes for which manual integration was necessary. 

x A discussion of all qualified data and a definition of qualifying flags. 

x A discussion of and recommendations for potential data usability of qualified data 
including a detailed discussion of conditions associated with R-flagged data. 

All reports shall include the following: 

x Method detection limits (MDLs) and sample results should be reported to one 
decimal place more than the corresponding RL, unless the appropriate number of 
significant figures for the measurement dictates otherwise. 

x Soil samples shall have results reported on a dry weight basis. A wet weight aliquot 
of sample equivalent to the method-specified dry weight aliquot of sample should be 
taken for analysis. Alternatively, the lab may choose to use a consistent wet weight 
aliquot that is expected to be large enough to compensate for the moisture in the 
sample (e.g., 50% more) and use this as a consistent weight. 

Note: RLs are project-specific requirements and are NOT adjusted for sample 
moisture. Detection limits may have to be adjusted for moisture; however, the 
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laboratory should ensure that the minimum relationship between adjusted MDLs and 
corresponding RLs are maintained. 

x If possible, samples should be analyzed undiluted and non-detects reported to the 
AFCEE-specific RLs. RLs for minority constituents in highly contaminated samples 
may have to be adjusted for dilutions. 

7.1.3 Data Qualifiers 

Data qualifiers shall be applied in the laboratory following Table 7.1-1 and reviewed by 
the supervisor of the respective analytical section, after the first and second level 
reviews of the laboratory data have been performed. The allowable data qualifiers for 
definitive data are R, M, J, F, B, and U. Flagging criteria for the contractor for definitive 
data are shown in Tables 7.1-2 through 7.1-4 for the various instrumentation. The prime 
contractor must first evaluate the flags applied by the laboratory and, using professional 
judgment, provide modifications or clear justification for any modifications based on 
project-specific quality objectives. 

Table 7.1-1.  Laboratory Data Qualifiers 
Qualif ier Description 

J The analyte was positively identified, the quantitation is an estimation. 
U The analyte was analyzed for, but not detected. The associated numerical value is at or below the MDL. 

F The analyte was positively identified but the associated numerical value is below the RL. 

R The data are rejected due to deficiencies in the ability to analyze the sample and meet QC criteria.  

B The analyte was found in an associated blank, as well as in the sample. 

M A matrix effect was present. 

S To be applied to all field screening data. 

T Tentatively identified compound (using GC/MS) 

UJ The analyte was analyzed for but not detected at or above the RL; however, the RL is considered an 
estimated concentration. 

GC = gas chromatography 
MDL = method detection limit 
MS = matrix spike 

QC = quality control 
RL = reporting limit 
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Table 7.1-2.  Data Flaggi ng Convent ion f or  Metals Analyses  

Quali ty  Control Item Evaluation 

Data Qualifier Flag 

Sample(s) Qualified 
Detects 

Nond etects  Non Biased Biased  
Holding times 1. Holding time exceeded by 2 times or less 

2. Holding time exceeded by greater than 
2 times 

J 

J 

J- 

J- 

UJ 

R 

Sample 

Initial calibration 1. r <0.995 J J UJ All samples associated with 
initial calibration (Run Batch) 

Initial calibration verif ication  1. % Recovery > 110% but d�125% (Hg, 
% Recovery > 120% but d�135%) 

2. % Recovery > 125% (Hg, % Recovery 
> 135%) 

3. % Recovery < 90% but t 75% (Hg, 
% Recovery < 80% but t 65%) 

4. % Recovery < 75% (Hg, % Recovery 
< 65%) 

J 
 

R 
 

J 
 

J 

J+ 
 

R 
 

J- 
 

J- 

No qual. 
 

No qual. 
 

UJ 
 

R 

All samples associated with 
initial calibration verification 
(Run Batch) 

Calibration verification 1. % Recovery > 110% but d 125% (Hg, 
% Recovery > 120% but d 135%) 

2. % Recovery > 125% (Hg, % Recovery 
> 135%) 

3. % Recovery < 90% but t 75% (Hg, 
% Recovery < 80% but t 65%) 

4. % Recovery < 75% (Hg, % Recovery 
< 65%) 

J 
 

R 
 

J 
 

J 

J+ 
 

R 
 

J- 
 

J- 

No qual. 
 

No qual. 
 

UJ 
 

R 

All samples associated with 
continuing calibration (Analysis 
Batch) 

Method blank contamination Sample results less than or equal to 5 times 
the blank contamination 

U U No qual. All samples in the same 
Preparation Batch 
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x  

Table 7.1-2.  (Cont inued) 

Quali ty  Control Item Evaluation 

Data Qualifier Flag 

Sample(s) Qualified 
Detects 

Nond etects  Non Biased Biased  
Matrix spike recovery 1. % Recovery < 80% but t 30% 

2. % Recovery < 30% 

3. % Recovery > 120% 

4. RPD > CL 

J 

J 

J 

J 

J- 

J- 

J+ 

J 

UJ 

R 

No qual. 

UJ 

All samples in the same Method 
Batch 

Laboratory control sample 
recovery 

1. % Recovery < 80% but t 50% 

2. % Recovery < 50% 

3. % Recovery > 120% 

4. RPD > CL 

J 

J 

J 

J 

J- 

J- 

J+ 

J 

UJ 

R 

No qual. 

UJ 

All samples in the same 
Preparation Batch 

Reporting limits 1. Reporting limits not matching the project 
specif ied limits 

2. Reported result less than the project 
reporting limit 

No qual. 
 

J 

No qual. 
 

J 

No qual. 
 

No qual. 

Sample (noted in outlier report) 
 

Sample 

Field duplicates RPD > CL No qual. No qual. No qual. Non-compliant results li sted in 
QA report 

Field blanks  
Equipment blanks 

Sample results within 5 times blank 
contamination 

U U No qual. All samples in the same 
sampling event 

CL = confidence limit 
Hg = mercury 
QA = quality assurance 
qual. = qualif ication 
RPD = relative percent difference 
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Table 7.1-3.  Data Flaggi ng Convent ion f or  Organic Methods  

Quali ty  Control Item Evaluation 

Data Qualifier Flag 

Sample(s) Qualified 
Detects 

Nond etects  Non Biased Biased  
Holding times (extraction/ 
analysis) 

1. Holding time exceeded by 2 times or less 

2. Holding time exceeded by greater than 
2 times 

J 

J 

J- 

J- 

UJ 

R 

Sample 

Cooler temperature 1. > 6 degrees and d10 degrees Centigrade 

2. > 10 degrees Centigrade 

3. < 2 degrees Centigrade 

J 

J 

No qual. 

J- 

J- 

No qual. 

UJ 

R 

No qual. 

All samples shipped in the 
affected cooler (Shipping Batch) 

Initial calibration 1. % RSD > 20% 

2. r < 0.995 

J 

J 

J 

J 

UJ 

UJ 

All samples associated with 
initial calibration (Run Batch) 

Initial calibration verif ication  1. % Difference > +20% 

2. % Difference < -20% and t -50% 

3. % Difference < -50% 

J 

J 

J 

J+ 

J- 

J- 

No qual. 

UJ 

R 

All samples associated with 
initial calibration verification 
(Run Batch) 

Continuing calibration 
verif ication  

1. % Difference > +20% 

2. % Difference < -20% or t -50% 

3. % Recovery < -50% 

J 

J 

J 

J+ 

J- 

J- 

No qual. 

UJ 

R 

All samples associated with 
continuing calibration (Analysis 
Batch) 

Method blank contamination 1. Common laboratory contaminant results 
less than or equal to 10 times the blank 
contamination 

2. Other compound results less than or equal 
to 5 times the blank contamination 

U 

 
 

U 

U 

 
 

U 

No qual. 

 
 

No qual. 

All samples in the same 
Preparation Batch 

Surrogate recovery 1. % Recovery < CL but t 10% 

2. % Recovery < 10% 

3. % Recovery > CL 

J 

J 

J 

J- 

J- 

J+ 

UJ 

R 

No qual. 

Sample 

Matrix spike recovery 1. % Recovery < CL but t 10% 

2. % Recovery < 10% 

3. % Recovery > CL 

4. RPD > CL 

J 

J 

J 

J 

J- 

J- 

J+ 

J 

UJ 

R 

No qual. 

UJ 

Parent sample 
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Table 7.1-3.  (Cont inued) 

Quali ty  Control Item Evaluation 

Data Qualifier Flag 

Sample(s) Qualified 
Detects 

Nond etects Non Biased Biased  
Laboratory control sample 
recovery 

1. % Recovery < CL but t 10% 

2. % Recovery < 10% 

3. % Recovery > CL 

4. RPD > CL 

J 

J 

J 

J 

J- 

J- 

J+ 

J 

UJ 

R 

No qual. 

UJ 

All samples in the same 
Preparation Batch 

Reporting limits 1. Reporting limits not matching the project 
specif ied limits 

2. Reported result less than the project 
reporting limit 

No qual. 
 

J 

No qual. 
 

J 

No qual. 
 

No qual. 

Sample (noted in outlier report) 
 

Sample 

Field duplicates RPD > CL No qual. No qual. No qual. Non-compliant results listed in 
the ADR outlier report 

Field blanks 
Equipment blanks 

1. Common laboratory contaminant results 
within 10 times blank contamination 

2. Other laboratory contaminant results 
within 5 times blank contamination 

U 
 

U 

U 
 

U 

No qual. 
 

No qual. 

Al l samples in the same 
sampling event 

Trip blanks 1. Common laboratory contaminant results 
within 10 times blank contamination 

2. Other laboratory contaminant results 
within 5 times blank contamination 

U 
 

U 

U 
 

U 

No qual. 
 

No qual. 

All samples in the same 
Shipping Batch 

ADR = adjustable design rate 
CL = confidence limit 
GC = gas chromatograph 
qual. = qualif ication 
r = response 
RPD = relative percent difference 
RSD = relative standard deviation 
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The one exception to these data flagging criteria rules applies to the tentatively 
identified compounds (TICs) that are identified only in the GC/MS methods. These TICs’ 
numerical results will always be qualified with one and only one flag for any reason, and 
that is the “T” flag. 

The laboratory QA section shall perform a 100% review of 10% of the completed data 
packages, and the laboratory project representative shall complete a final review on all 
the completed data packages. 

7.1.4 Laboratory Requirements 

The chemistry data package shall contain information that facilitates external review, 
validation, and assessment. 

MDLs and sample results shall be reported to one decimal place more than the 
corresponding RL, unless the appropriate number of significant figures for the 
measurement dictates otherwise. Soil samples shall have results reported on a dry 
weight basis. A wet weight aliquot of sample equivalent to the method specified by dry 
weight aliquot of sample should be taken for analysis.  

Alternately, the lab may choose to use a consistent wet weight aliquot that is expected 
to be large enough to compensate for the moisture in the sample (e.g., 50% more) and 
use this as a consistent weight. RLs are NOT adjusted for sample moisture. If possible, 
samples should be analyzed undiluted and non-detects reported to the specified RLs. 
RLs for minority constituents in highly contaminated samples may be adjusted for 
dilutions. 

7.1.5 Data Verification and Validation by the Prime Contractor 

The ultimate goal of data verification and data validation is to ensure that the decisions 
that are made as a result of the environmental data collection effort are supported by 
data of the type and quality suitable for their intended use. 

Data verification is a preliminary step to data validation. Data verification, as used in this 
section, refers to the systematic process of evaluating the completeness and 
compliance of the data with the pre-defined requirements of the project, including 
method, procedural, and contractual requirements. 

Data validation is a sample- and analyte-specific process that extends to the evaluation 
of the data beyond verification to determination of their usability in the context of the 
project goals. Data validation includes a determination, to the extent possible, of the 
reasons for any failure to meet method, procedural, or contractual requirements, and an 
evaluation of the impact of such failures on the usability of the data. 

There are various levels of effort for data validation. The level of effort used depends 
upon the PQOs and established data use as specified by the project scope of work. The 
appropriate data deliverable package should also be defined based upon the level of 
data review required by the project objectives. 

At a minimum, the standard data package should document that definitive data are 
produced using rigorous analytical methods, such as EPA standard referenced methods 
(e.g., SW846) and that analyte presence and quantitation are confirmed using extensive 
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QC procedures at the laboratory. The standard data package shall include, at a 
minimum, a cover sheet, table of contents, case narrative, analytical results, laboratory 
reporting limits, sample management records, and internal laboratory QA/QC 
information. 

The project chemist shall review the entire definitive data report package, and with the 
field records, apply the final data qualifiers for the definitive data. Attachment B provides 
examples of data evaluation checklists. The laboratory shall apply data qualifying flags 
to each environmental field QC sample, i.e., ambient blanks, equipment blanks, trip 
blanks, field duplicates, MS samples, and MSD samples. The prime contractor shall 
review the field QC samples and field logs, and shall then appropriately flag any of the 
associated samples identified with the field QC sample, as explained in Figure 7-1 and 
Tables 7.1-2 through 7.1-4. Each MS sample shall be qualified only by the laboratory, 
while the prime contractor shall apply the final qualifying flag for a matrix effect to all 
samples collected from the same site as the parent sample or all samples showing the 
same lithologic characteristics as the MS/MSD. 

Depending upon the project objectives and intended use of the data, a more rigorous 
data validation regimen may be required. This more extensive review requires a more 
comprehensive data deliverable package. This data package contains sufficient 
information to completely reconstruct the chemical analyses and includes all batch QC 
results, instrument QC results (e.g., initial calibration verification, continuing calibration 
verification, and instrument performance checks), MDL studies, and raw data (e.g., run 
logs, sample preparation logs, standard preparation logs, and printed instrumental 
output such as chromatograms). 

7.1.5.1 Respons ibi li ty and Quali fications  
The responsibility for data verification and validation will be assigned to the primary 
contractor. The data validation process involves exercising professional judgment. 
Regardless of who performs data validation, the individuals should possess the 
disciplinary expertise, experience, and theoretical knowledge to perform the task. It is 
also imperative that these individuals possess a complete understanding of the intended 
use of the data and the relationship of the QC results to the usability of the data. For this 
reason, it is essential that they be involved during the systematic planning process, 
choice of preparation and analytical methods, and decisions made regarding data 
verification and data validation. All project planning documents and procedures, as well 
as sample collection information, must be made available to the individuals assigned to 
the task. 

7.1.5.2 Data Verificat ion Guidelines 
Data verification may be done electronically or manually, or by a combination of both. 
Data verified may include but is not limited to: 

x Sampling documentation (chain-of-custody form, etc.). 

x Preservation summary and technical holding times. 

x Presence of all analyses and analytes requested. 

x Use of the required sample preparation and analysis procedures. 
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x The method detection and reporting limits evaluated against the project 
requirements. 

x The correctness of the concentration units. 

Instrument calibration and QC parameters (method-specific) shall be reviewed for 
compliance with the criteria specified in the applicable summary of calibration and QC 
procedures tables, and flagged as necessary. Each MS sample shall only be qualified 
by the laboratory, while the prime contractor shall apply any additional qualifying flag for 
a matrix effect to all samples collected from the same site as the parent sample or all 
samples showing the same lithologic characteristics as the MS/MSD: 

x Review of raw data and inspection of chromatograms. 

x Review of system performance. 

x TICs data. 

x Estimated results (F qualifiers). 

x Certified analysts. 

x Case narrative. 

7.1.5.3 Data Validation Guidelin es 
The data validation process follows data verification. It can involve an in-depth review of 
the raw data to verify accuracy followed by analysis and interpretation of the data in the 
context of the project objectives and end-use. 

7.1.5.3.1  Raw Data Review 
Raw data review may include but is not limited to: 

x Review for proper integration (if applicable). 

x Review of spectral matches and/or retention times to verify analyte identification 
(where applicable). 

x Random checks of calculations, including but not limited to sample QC results, initial 
calibration response factors, relative standard deviations, calibration verification 
standard response factors, and percent differences or percent drifts from the 
expected values. 

x Checks for interference problems or system performance problems, such as 
chromatographic baseline anomalies and drifts, evidence of column degradation, 
etc. 

x Resolution by the laboratory of any identified problems, as necessary. 

7.1.5.3.2  Data Analys is and Interpretat ion 
The data validation process (assessment) relies heavily on the validator’s professional 
judgment. It may include but is not limited to: 
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x Evaluation of the impact of multiple data issues on the final analytical results (for 
example, variability of results obtained from different dilutions, or different methods; 
chromatographic issues; etc.). 
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x Evaluation of the deficiencies identified during data verification and assessment of 
their impact on the sample results. 

x Incorporation of site-specific factors and assessment of their impact on the data. 

x Assessment of data usability and assignment of final data qualifiers, as necessary. 

x Discussion of completeness, representativeness, and comparability. 

A data validation report will be prepared summarizing the findings and discussing their 
impact on the overall data usability. 

7.2 QA Repor ts 
The laboratory QA staff shall issue QA reports to laboratory management, laboratory 
supervisors, and task leaders, as required. These reports shall describe the results of 
QC measurements, performance audits, systems audits, and confirmation sample 
comparisons performed for each sampling and analysis task. Quality problems 
associated with performance of methods, completeness of data, comparability of data 
including field and confirmatory data, and data storage shall be documented with the 
corrective actions that have been taken to correct the deficiencies identified. These 
electronic data will be submitted for all definitive data analysis and will include, at a 
minimum, batch QC results required by the various methods. 

7.3 Elect ronic Data Reports 
The prime contractor shall provide an electronic deliverable report in the Geotracker 
format as specified by the statement of work for the project. 
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APPENDIX A 
 

FSP Forms  

479



 

Z:\PROPOSAL\PC16.096_Closed Lincoln LF_Env Srvcs\FSP.docx  Holdrege & Kull 

Water Sample Data Sheet 
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Site: o Active o Abandoned

Area: o Surfaced o Unsurfaced

Monu ment: o Above Level o Below Level o At Level

o Good o Broken

Locked ? o Yes o No

Contains Water: o Yes o No

o Above Cap o Below Cap

Well Type:

o Monitoring o Extraction o Other

PURGE VOLUME CALCULATIONS:

( - ) x 2 x x =
Casing Diameter (in) Casing Volumes

o No o Yes o o o o

Free Produ ct L ayer: o No o No

PURGING METHOD:

o o Yes o No

o
FIELD PARAMETER MEASUREMENT:

Laboratory

Laboratory

Analyses Requested

Analyses Requested

3

Odor

Location:

Well No.

Observations (color, turbidity, cloudiness, etc.)

If Yes, st reaks, g lobs, dots…?

WELL PURGING

Sampling Date:

Calculated Purge 
Volume

If Yes, thickn ess is:

Preservatives

Preservatives

0.0

Decaying OrganicOther Hydrocarbon

gallons

Disposable:

Diesel

Material:

Gas

Temperature

Stop Time:

Odor: If Yes, odor is:

OBSERVATION OF PURGE WATER:

TOC Elevation:

Well No. Time

Field Blank

Container Size / #

QUALITY CONTROL SAMPLES:

Sample Type

Trip Blank

Sample No. Time Container Size / #

Duplicate

WELL SAMPLING
SAMPLING METHOD:

Bailer Type: Size:

Sample No.

Total Gallons 
Removed

Conductivity 
(umhos/cm3)

Submersible Pump

Start Time:

Time

Project  Number:

pH

Bailer Size:

Project  Manager:

Technician:

GROUNDWATER 
SAMPLING FORM

Project  Name:

Any type of  sheen?

Well Depth (feet) Depth to Water (ft)
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Chain-of -Custody Record 
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Corpor ate Labor atory Bay Area Laboratory
208 Mason Street, Ukiah CA 95482 6398 Dougherty Rd #35, Dublin CA 94568
707-468-0401  F) 707-468-5267 925-828-6226  F) 925-828-6309
email: clientservices@alpha-labs.com

Central Valley Labor atory
ELAP Certif ications 9090 Union Park Way #113, Elk Grove CA 95624
Ukiah 1551 / Dublin 2728 / Elk Grove 2922 916-686-5190  F) 916-686-5192

Report to
Company : Contact:

Attn: Email address:

Address: Address:

Phone /Fax: Phone /Fax:

Field Sampler - Printed Name & Signature:

Date Time

No

State System Number:

Yes No

Global ID: Sampling Company Log Code:

EDF to (Email Address):

Sample Condition on Receipt: Mileage: Travel and Site Time: Mileage: Misc. Supplies:

 O
th

er

 N
on

e

Email Address:

Project  No:

Relinqu ished by Received by

Reports and Invoices delivered by email in PDF format

Temp upon 
Receipt öC

Dublin temp:

Elk Grove temp:

Sample Identification

Project  ID:

5 days

Invoice to (if different) Project Information

Sampling

 4
0m

l V
ia

l

Date Time

 H
2S

O
4

 O
th

er

 T
o

ta
l N

u
m

b
er

 o
f C

on
ta

in
er

s 
p

er
 S

am
p

le
 ID

Standard

Chain of  Custody  - Work Order

Lab No ______________________________ Pg _______ of _______

10 days

 L
ab

 p
re

ap
p

ro
va

l r
eq

u
ir

ed

Other:

   ____days

48 hours

RUSH:

DDW Source Numbers:

Signature below authorizes work under terms stated on reverse side.

Ukiah temp:

TATAnalysis Request

DDW Write On EDT Transmissi on?  

If "Y" please enter the Source Number(s) in the column above

CA Geotracker  EDF Report? 

Yes

PO Number:

 O
th

er

 P
ol

y

 S
oi

l

 H
C

l

 H
N

O
3

Container Preservative Matrix

 G
la

ss

 S
le

ev
e

 W
at

er Sample Notes or
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(530) 894-2487   ����FAX (530) 894-2437   ����8 Seville Court Suite 100   ����Chico, CA 95928   ����A California Corporation 

April 20, 2016 
Project No.: 70472-02PW 
 
 
Mr. Ray Leftwich, P.E. 
City Engineer 
City of Lincoln Department of Public Services 
600 Sixth Street 
Lincoln, California 95648 
 
REFERENCE: Closed Li ncoln Landf ill  
 Waste Discharge Order No. R5-2003-0142 
 Cleanup and Abatement Order No. R5-2014-0703 
 1120 Virginiatown Road, Lincoln, Placer County, California 

SUBJECT: Operation & Maintenance Report – February and March 2016 
 
Dear Mr. Leftwich, 

Holdrege & Kull (H&K) prepared this operations and maintenance (O&M) report for the 
Closed Lincoln Landfill cutoff trench dewatering system located at 1120 Virginiatown 
Road, Lincoln, California. A site location map and a site layout map are provided as 
Figures 1 and 2, respectively. The purpose of this report is to document monthly 
monitoring performed in accordance with the H&K September 30, 2014 Corrective 
Action Work Plan (CAWP). Corrective action at the Closed Lincoln Landfill is required 
by Waste Discharge Requirements Order No. R5-2003-0142 and Cleanup and 
Abatement Order (CAO) No. R5-2014-0703.  

This report summarizes O&M activities performed for February and March 2016. H&K 
recorded discharge volumes, depth to groundwater, number of pump starts, operating 
hours, energy consumption, and total discharge at each sump location. In addition, 
groundwater levels were measured in each of the 21 site groundwater monitoring wells. 

The system was continuously operated during the months of February and March with 
no planned or unplanned shut downs. 

SYSTEM DISCHARGE 

Discharge volumes from each sump were recorded from the inline flow meters on 
February 23 and March 22, 2016. Table 1 provides a summary of system discharge 
data, calculated discharge rates, and operational data. Total cumulative discharge from 
the system was 557,955 gallons in February and 669,060 gallons in March. H&K 
calculated average daily discharge rates for February and March of approximately 3,825 
and 3,968 gallons per day (gpd). These flow rates are consistent with previous data.  
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Table 1 provides a summary of total average daily system discharge and cumulative 
discharge produced from each sump.   

GROUNDWATER ELEVATIONS 

Groundwater elevations were measured in each sump and the 21 site groundwater 
monitoring wells and piezometers. Table 1 summarizes the groundwater elevations in 
the sumps and Table 2 summarizes groundwater elevations in site monitoring wells. 
Hydrographs for the sumps and groundwater monitoring wells are provided as 
Figures 3 and 4, respectively. The system has drawn down, and appears to be 
maintaining, water levels in sumps SS1, SS2, and SS4 at elevations between 177.25 
and 180.59 feet mean sea level (msl). Groundwater levels in sump SS3 show a 
slightly increasing trend, however, the groundwater elevation in this portion of the site 
is lower than the compliance elevation of 184.6 feet msl, and thus no pumping is 
needed.  

During March, groundwater elevations in 7 of the 8 onsite wells (MW-2, MW-9, MW-
12, MW-21, PZ-1A [dry], PZ-2A [dry] and PZ-2B) were less than the compliance 
elevation of 184.6 feet msl (Figure 4). The groundwater elevation in PZ-1B continued 
to show decreasing trends through February; increased in March and remains at an 
elevation greater than the compliance elevation.  

SYSTEM DISCHARGE WATER QUALITY 

In accordance with the CAWP (H&K, 2014), groundwater samples were collected to 
characterize total dissolved solids (TDS) concentrations in system discharge. H&K 
collected groundwater samples from sumps SS1, SS2, and SS4 on February 23 and 
March 22, 2016. The water level at SS3 is below the level at which pumping is 
needed, thus no samples were collected.  

Groundwater samples were collected in laboratory supplied containers and placed on 
ice pending transport to Basic Laboratory, Inc. of Chico, California (ELAP No’s. 1677 
and 2718). Samples were analyzed for TDS by Standard Method (SM) 2540C. The 
laboratory reports and chain-of-custody data are attached. Laboratory results are 
summarized in Table 3.  

During February 2016, TDS was detected in groundwater samples collected from 
SS1, SS2, and SS4 at concentrations of 290, 322, and 1,170 milligrams per liter 
(mg/L), respectively. During March 2016, TDS was detected in groundwater samples 
collected from SS1, SS2, and SS4 at concentrations of 309, 319, and 1,150 mg/L, 
respectively. The concentrations at SS1 and SS2 are representative of background 
concentrations of TDS in groundwater upgradient of the landfill. While the 
concentration detected in the sample collected from SS4 is representative of a near 
source area. 
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A flow weighted average TDS concentration was calculated for the February 23 and 
March 22, 2016 sampling events using concentrations detected from sumps SS1, 
SS2, and SS4 and total discharge from each sump. The flow weighted average TDS 
concentrations for the combined discharge were 509 (February) and 532 (March) 
mg/L (Table 3).  

CONCLUSIONS 

H&K concludes the following based on data collected during December. 

x Groundwater elevations in sumps SS1, SS2, and SS4 are being maintained 
below the compliance elevation by the system pumps. 

x Groundwater elevations in onsite monitoring wells are being influenced by 
system operations and are lower that the compliance elevation in 7 of the 8 
wells/piezometers. Groundwater elevations in piezometer PZ-1B remain at 
elevations greater than the compliance elevation. 

x The flow weighted TDS concentration of the combined system discharge was 
509 and 530 mg/L. 

x Average daily flow rate for February and March 2016 was 3,825 and 
3,968 gpd and is consistent with previous data.  

CLOSING 

If you should have questions or comments, please do not hesitate to call the 
undersigned at (530) 894-2487 or email Ms. Cummings at hcummings@handk.net. 

Sincerely, 

Holdrege & Kul l 

 
 
 
 
Heidi Cummings, PG    Donald M. Olsen, PE 
Senior Geologist     Principal Engineer 
 
cc: Eric Ziggler (eric.ziggler@stantec.com) 
 
Attachment: Laboratory Reports and Chain-of-Custody Documentation 
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Figur es 
 

1 Site Location Map 
2 Site Layout Map 
3 Sump Groundwater Elevation Hydrograph 
4 Groundwater Elevation Hydrograph for Wells Inside the Property Boundary 

 
Tables 
 

1 Sump Operational Data 
2 Groundwater Elevation Data 
3 Groundwater Analytical Results 
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Figure 3. Sump Groundwater Elevation Hydrograph 
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Table 1.  Sump Operational Data
Closed Lincoln Landfill
1120 Virginiatown Road, Lincoln, California

Sump 
Structure Date

Top of
Casing 

Elevation 
(feet msl)

Total
Depth

(feet bgs)

Screen 
Interval 

(feet bgs)

Depth to 
Ground water 

(feet TOC)

Ground water 
Elevation 
(feet msl)

No. of 
Pump 
Starts

Operating 
Hours

Energy 
Consumption 

(Kw-hr)

Cummulative 
Disch arge 
(gallons)

Disch arge 
Since 

Previous 
(gallons)

Average 
Flow Rate 

(gpd )

SS1 30-Sep-15 208.34 38.75 28.75 - 38.75 19.42 188.92 -- -- -- 0
07-Oct-15 29.18 179.16 195 20 16 21,219 21,219 3031
14-Oct-15 29.55 178.79 218 22 16 28,688 7,469 1067
21-Oct-15 29.71 178.63 324 30 24 39,342 10,654 1522
28-Oct-15 29.82 178.52 422 38 30 49,220 9,878 1411
04-Nov-15 29.88 178.46 515 46 34 58,505 9,285 1326
24-Nov-15 208.41 38.8 28.8 - 38.8 30.27 178.14 667 46 62 77,885 19,380 969
01-Dec-15 30.10 178.31 750 50 68 86,508 8,623 1232
08-Dec-15 30.10 178.31 828 56 74 94,630 8,122 1160
22-Dec-15 29.38 179.03 969 86 64 109,349 14,719 1051
21-Jan-16 29.34 179.07 1271 112 80 140,990 31,641 1055
23-Feb-16 29.30 179.11 1614 140 100 176,754 35,764 1084
22-Mar-16 31.16 177.25 1911 166 118 207,801 31,047 1109

SS2 30-Sep-15 214.83 42 32 - 42 27.4 187.43 -- -- -- 0
07-Oct-15 33.34 181.49 324 0 36 39,793 39,793 5685
14-Oct-15 35.36 179.47 380 44 40 54,209 14,416 2059
21-Oct-15 35.52 179.31 659 58 68 78,639 24,430 3490
28-Oct-15 35.54 179.29 875 86 72 97,982 19,343 2763
04-Nov-15 35.55 179.28 1072 102 86 115,560 17,578 2511

** 24-Nov-15 214.89 48 38 - 48 39.93 174.96 1155 346 220 323,962 NC NC
01-Dec-15 36.09 178.80 1345 362 230 336,125 12,163 1738
08-Dec-15 36.14 178.75 1570 380 240 350,540 14,415 2059
22-Dec-15 36.53 178.36 2014 420 262 380,209 29,669 2119
21-Jan-16 36.53 178.36 2921 496 306 438,761 58,552 1952
23-Feb-16 36.48 178.41 3875 574 352 500,065 61,304 1858
22-Mar-16 36.56 178.33 4666 692 390 551,293 51,228 1830

SS3 30-Sep-15 201.65 28.65 28.65 - 18.65 25.35 176.3 -- -- -- 0
07-Oct-15 25.34 176.31 28 0 0 173 173 25
14-Oct-15 25.41 176.24 28 0 0 392 219 31
21-Oct-15 25.44 176.21 28 0 0 392 0 0
28-Oct-15 25.52 176.13 28 0 0 392 0 0
04-Nov-15 25.48 176.17 28 0 0 392 0 0
24-Nov-15 201.67 34.5 24.5 - 34.5 31.05 170.62 630 12 2 3,435 3,043 152
01-Dec-15 25.63 176.04 632 12 2 3,446 11 2
08-Dec-15 25.60 176.07 632 12 2 3,446 0 0
22-Dec-15 25.56 176.11 634 12 2 3,446 0 0
21-Jan-16 25.04 176.63 634 12 2 3,446 0 0
23-Feb-16 24.02 177.65 634 12 2 3,446 0 0
22-Mar-16 23.03 178.64 634 12 2 3,446 0 0
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Sump 
Structure Date

Top of
Casing 

Elevation 
(feet msl)

Total
Depth

(feet bgs)

Screen 
Interval 

(feet bgs)

Depth to 
Ground water 

(feet TOC)

Ground water 
Elevation 
(feet msl)

No. of 
Pump 
Starts

Operating 
Hours

Energy 
Consumption 

(Kw-hr)

Cummulative 
Disch arge 
(gallons)

Disch arge 
Since 

Previous 
(gallons)

Average 
Flow Rate 

(gpd )

SS4 30-Sep-15 195.14 19.2 19.2 - 9.2 12.39 182.75 -- -- -- 0
07-Oct-15 12.41 182.73 -- -- -- 153 153 22
14-Oct-15 13.05 182.09 -- -- -- * * *
21-Oct-15 17.20 177.94 1292 14 10 9,037 8,884 635
28-Oct-15 16.60 178.54 1367 20 14 14,966 5,929 424
04-Nov-15 16.58 178.56 1433 26 18 20,322 5,356 383

** 24-Nov-15 194.99 27.6 17.6 - 27.6 21.54 173.45 2307 142 64 92,217 NC NC
01-Dec-15 16.48 178.51 2366 146 66 95,630 3,413 488
08-Dec-15 16.67 178.32 2432 152 70 99,524 3,894 556
22-Dec-15 16.36 178.63 2554 162 76 106,913 7,389 528
21-Jan-16 16.36 178.63 2926 194 94 128,820 21,907 730
23-Feb-16 15.72 179.27 3418 236 118 157,987 29,167 884
22-Mar-16 14.40 180.59 3864 278 140 186,817 28,830 1,030

bgs = below ground surface

gpd = gallons per day Total Gallons Disch arged 669,060
Kw-hr = kilowatt-hours

msl = mean seal level

TOC = top of casing

-- = data not collected

* = sump under repair

** = First data collected after completing the sump repairs. Weekly flow rates not calculated because total gallons are not reflective of actual discharge to sanitary sewer. 
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Table 2.  Ground water Elevation Data
Closed Lincoln Landfill
1120 Virginiatown Road, Lincoln, California

Monitoring 
Well

Measurement 
Date

Top of Casing 
Elevation 
(feet msl )

Total Depth 
(feet bgs)

Screen 
Interval (feet 

bgs)

Depth to  
Ground water 

(feet TOC)

Ground water 
Elevation (feet 

msl )

MW-1 30-Sep-15 197.68 35 10-35 18.66 179.02
07-Oct-15 18.70 178.98
14-Oct-15 18.77 178.91
21-Oct-15 19.07 178.61
28-Oct-15 19.35 178.33
04-Nov-15 19.56 178.12
24-Nov-15 19.89 177.79
01-Dec-15 20.02 177.66
08-Dec-15 20.10 177.58
22-Dec-15 20.09 177.59
21-Jan-16 16.75 180.93
23-Feb-16 16.27 181.41
22-Mar-16 15.13 182.55

MW-2 30-Sep-15 215.19 45 20-45 27.76 187.43
07-Oct-15 29.66 185.53
14-Oct-15 29.89 185.30
21-Oct-15 30.79 184.40
28-Oct-15 31.24 183.95
04-Nov-15 31.52 183.67
24-Nov-15 32.12 183.07
01-Dec-15 32.15 183.04
08-Dec-15 32.28 182.91
22-Dec-15 32.60 182.59
21-Jan-16 32.91 182.28
23-Feb-16 33.15 182.04
22-Mar-16 33.17 182.02

MW-4 30-Sep-15 197.93 35 10-35 22.19 175.74
07-Oct-15 22.23 175.70
14-Oct-15 22.32 175.61
21-Oct-15 22.35 175.58
28-Oct-15 22.42 175.51
04-Nov-15 22.46 175.47
24-Nov-15 22.50 175.43
01-Dec-15 22.52 175.41
08-Dec-15 22.52 175.41
22-Dec-15 22.49 175.44
21-Jan-16 20.63 177.30
23-Feb-16 19.01 178.92
22-Mar-16 17.46 180.47
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Table 2.  Ground water Elevation Data
Closed Lincoln Landfill
1120 Virginiatown Road, Lincoln, California

Monitoring 
Well

Measurement 
Date

Top of Casing 
Elevation 
(feet msl )

Total Depth 
(feet bgs)

Screen 
Interval (feet 

bgs)

Depth to  
Ground water 

(feet TOC)

Ground water 
Elevation (feet 

msl )

MW-5 30-Sep-15 197.73 44 38-44 19.24 178.49
07-Oct-15 19.28 178.45
14-Oct-15 19.35 178.38
21-Oct-15 19.75 177.98
28-Oct-15 20.17 177.56
04-Nov-15 20.39 177.34
24-Nov-15 20.73 177.00
01-Dec-15 20.83 176.90
08-Dec-15 20.90 176.83
22-Dec-15 20.89 176.84
21-Jan-16 17.15 180.58
23-Feb-16 16.48 181.25
22-Mar-16 15.34 182.39

MW-6 30-Sep-15 214.91 35 10-35 27.42 187.49
07-Oct-15 27.61 187.30
14-Oct-15 27.74 187.17
21-Oct-15 27.93 186.98
28-Oct-15 28.12 186.79
04-Nov-15 28.22 186.69
24-Nov-15 28.54 186.37
01-Dec-15 28.64 186.27
08-Dec-15 28.74 186.17
22-Dec-15 28.92 185.99
21-Jan-16 29.13 185.78
23-Feb-16 28.82 186.09
22-Mar-16 28.60 186.31

MW-7 30-Sep-15 181.77 24 4-24 10.97 170.80
07-Oct-15 10.86 170.91
14-Oct-15 11.00 170.77
21-Oct-15 10.65 171.12
28-Oct-15 10.58 171.19
04-Nov-15 10.33 171.44
24-Nov-15 9.88 171.89
01-Dec-15 9.81 171.96
08-Dec-15 9.69 172.08
22-Dec-15 8.62 173.15
21-Jan-16 2.58 179.19
23-Feb-16 4.48 177.29
22-Mar-16 1.89 179.88
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Table 2.  Ground water Elevation Data
Closed Lincoln Landfill
1120 Virginiatown Road, Lincoln, California

Monitoring 
Well

Measurement 
Date

Top of Casing 
Elevation 
(feet msl )

Total Depth 
(feet bgs)

Screen 
Interval (feet 

bgs)

Depth to  
Ground water 

(feet TOC)

Ground water 
Elevation (feet 

msl )

MW-8 30-Sep-15 211.24 35 10-35 22.58 188.66
07-Oct-15 22.73 188.51
14-Oct-15 22.93 188.31
21-Oct-15 23.12 188.12
28-Oct-15 23.35 187.89
04-Nov-15 23.53 187.71
24-Nov-15 23.97 187.27
01-Dec-15 24.13 187.11
08-Dec-15 24.29 186.95
22-Dec-15 24.58 186.66
21-Jan-16 24.82 186.42
23-Feb-16 25.09 186.15
22-Mar-16 24.69 186.55

MW-9 30-Sep-15 211.32 35 10-35 22.60 188.72
07-Oct-15 26.40 184.92
14-Oct-15 26.49 184.83
21-Oct-15 27.02 184.30
28-Oct-15 27.22 184.10
04-Nov-15 27.37 183.95
24-Nov-15 27.44 183.88
01-Dec-15 27.72 183.60
08-Dec-15 27.82 183.50
22-Dec-15 27.75 183.57
21-Jan-16 27.77 183.55
23-Feb-16 27.83 183.49
22-Mar-16 27.61 183.71

MW-11 30-Sep-15 198.97 35 10-35 17.03 181.94
07-Oct-15 17.05 181.92
14-Oct-15 17.22 181.75
21-Oct-15 17.74 181.23
28-Oct-15 17.91 181.06
04-Nov-15 18.04 180.93
24-Nov-15 18.42 180.55
01-Dec-15 18.38 180.59
08-Dec-15 18.51 180.46
22-Dec-15 18.46 180.51
21-Jan-16 16.95 182.02
23-Feb-16 16.46 182.51
22-Mar-16 15.33 183.64
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Table 2.  Ground water Elevation Data
Closed Lincoln Landfill
1120 Virginiatown Road, Lincoln, California

Monitoring 
Well

Measurement 
Date

Top of Casing 
Elevation 
(feet msl )

Total Depth 
(feet bgs)

Screen 
Interval (feet 

bgs)

Depth to  
Ground water 

(feet TOC)

Ground water 
Elevation (feet 

msl )
22-Mar-16 15.33 183.64

MW-12 30-Sep-15 209.79 35 10-35 31.44 178.35
07-Oct-15 31.45 178.34
14-Oct-15 31.53 178.26
21-Oct-15 31.58 178.21
28-Oct-15 31.61 178.18
04-Nov-15 31.65 178.14
24-Nov-15 31.78 178.01
01-Dec-15 31.82 177.97
08-Dec-15 31.86 177.93
22-Dec-15 31.91 177.88
21-Jan-16 31.60 178.19
23-Feb-16 30.67 179.12
22-Mar-16 30.01 179.78

MW-15 30-Sep-15 204.60 35 10-35 28.58 176.02
07-Oct-15 28.63 175.97
14-Oct-15 28.68 175.92
21-Oct-15 28.70 175.90
28-Oct-15 28.72 175.88
04-Nov-15 28.73 175.87
24-Nov-15 28.78 175.82
01-Dec-15 28.75 175.85
08-Dec-15 28.73 175.87
22-Dec-15 28.68 175.92
21-Jan-16 28.29 176.31
23-Feb-16 27.14 177.46
22-Mar-16 26.28 178.32

MW-16 30-Sep-15 199.82 35 10-35 26.52 173.30
07-Oct-15 26.41 173.41
14-Oct-15 26.50 173.32
21-Oct-15 26.31 173.51
28-Oct-15 26.24 173.58
04-Nov-15 26.05 173.77
24-Nov-15 25.79 174.03
01-Dec-15 25.71 174.11
08-Dec-15 25.62 174.20
22-Dec-15 25.37 174.45
21-Jan-16 24.29 175.53
23-Feb-16 24.31 175.51
22-Mar-16 21.64 178.18
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Table 2.  Ground water Elevation Data
Closed Lincoln Landfill
1120 Virginiatown Road, Lincoln, California

Monitoring 
Well

Measurement 
Date

Top of Casing 
Elevation 
(feet msl )

Total Depth 
(feet bgs)

Screen 
Interval (feet 

bgs)

Depth to  
Ground water 

(feet TOC)

Ground water 
Elevation (feet 

msl )

MW-17 30-Sep-15 181.26 25 5-25 8.51 172.75
07-Oct-15 8.53 172.73
14-Oct-15 8.84 172.42
21-Oct-15 8.58 172.68
28-Oct-15 8.17 173.09
04-Nov-15 7.93 173.33
24-Nov-15 8.12 173.14
01-Dec-15 8.02 173.24
08-Dec-15 8.02 173.24
22-Dec-15 6.93 174.33
21-Jan-16 7.32 173.94
23-Feb-16 7.82 173.44
22-Mar-16 6.92 174.34

MW-18 30-Sep-15 191.67 35 10-35 19.15 172.52
07-Oct-15 19.31 172.36
14-Oct-15 19.30 172.37
21-Oct-15 19.34 172.33
28-Oct-15 19.41 172.26
04-Nov-15 19.44 172.23
24-Nov-15 19.27 172.40
01-Dec-15 19.31 172.36
08-Dec-15 19.21 172.46
22-Dec-15 18.45 173.22
21-Jan-16 14.93 176.74
23-Feb-16 12.48 179.19
22-Mar-16 8.70 182.97

MW-19 30-Sep-15 202.16 35 10-35 17.76 184.40
07-Oct-15 17.82 184.34
14-Oct-15 17.87 184.29
21-Oct-15 17.92 184.24
28-Oct-15 18.00 184.16
04-Nov-15 18.10 184.06
24-Nov-15 18.36 183.80
01-Dec-15 18.44 183.72
08-Dec-15 18.53 183.63
22-Dec-15 18.72 183.44
21-Jan-16 17.94 184.22
23-Feb-16 17.19 184.97
22-Mar-16 16.16 186.00
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Table 2.  Ground water Elevation Data
Closed Lincoln Landfill
1120 Virginiatown Road, Lincoln, California

Monitoring 
Well

Measurement 
Date

Top of Casing 
Elevation 
(feet msl )

Total Depth 
(feet bgs)

Screen 
Interval (feet 

bgs)

Depth to  
Ground water 

(feet TOC)

Ground water 
Elevation (feet 

msl )

MW-20 30-Sep-15 206.95 35 10-35 17.23 189.72
07-Oct-15 17.77 189.18
14-Oct-15 17.98 188.97
21-Oct-15 18.29 188.66
28-Oct-15 18.53 188.42
04-Nov-15 18.68 188.27
24-Nov-15 18.89 188.06
01-Dec-15 19.03 187.92
08-Dec-15 19.15 187.80
22-Dec-15 19.25 187.70
21-Jan-16 19.22 187.73
23-Feb-16 19.29 187.66
22-Mar-16 18.84 188.11

MW-21 30-Sep-15 216.66 40 30-40 29.81 186.85
07-Oct-15 29.91 186.75
14-Oct-15 29.93 186.73
21-Oct-15 30.01 186.65
28-Oct-15 30.10 186.56
04-Nov-15 30.20 186.46
24-Nov-15 30.54 186.12
01-Dec-15 30.65 186.01
08-Dec-15 30.77 185.89
22-Dec-15 31.00 185.66
21-Jan-16 31.44 185.22
23-Feb-16 31.90 184.76
22-Mar-16 32.15 184.51

PZ-1A 30-Sep-15 215.61 26 21-26 27.19 188.42
07-Oct-15 27.39 188.22
14-Oct-15 27.59 188.02
21-Oct-15 27.80 187.81
28-Oct-15 28.04 187.57
04-Nov-15 28.22 187.39
24-Nov-15 28.38 187.23
01-Dec-15 dry --
08-Dec-15 dry --
22-Dec-15 dry --
21-Jan-16 dry --
23-Feb-16 dry --
22-Mar-16 dry --
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Table 2.  Ground water Elevation Data
Closed Lincoln Landfill
1120 Virginiatown Road, Lincoln, California

Monitoring 
Well

Measurement 
Date

Top of Casing 
Elevation 
(feet msl )

Total Depth 
(feet bgs)

Screen 
Interval (feet 

bgs)

Depth to  
Ground water 

(feet TOC)

Ground water 
Elevation (feet 

msl )

PZ-1B 30-Sep-15 215.70 40 35-40 27.38 188.32
07-Oct-15 27.69 188.01
14-Oct-15 27.90 187.80
21-Oct-15 28.15 187.55
28-Oct-15 28.42 187.28
04-Nov-15 28.62 187.08
24-Nov-15 29.02 186.68
01-Dec-15 29.20 186.50
08-Dec-15 29.38 186.32
22-Dec-15 29.65 186.05
21-Jan-16 29.89 185.81
23-Feb-16 30.22 185.48
22-Mar-16 29.81 185.89

PZ-2A 30-Sep-15 211.77 29 21-26 25.59 186.18
07-Oct-15 25.67 186.10
14-Oct-15 25.73 186.04
21-Oct-15 25.86 185.91
28-Oct-15 26.01 185.76
04-Nov-15 26.14 185.63
24-Nov-15 26.53 185.24
01-Dec-15 26.64 185.13
08-Dec-15 26.71 185.06
22-Dec-15 dry --
21-Jan-16 dry --
23-Feb-16 dry --
22-Mar-16 dry --

PZ-2B 30-Sep-15 211.76 29 35-40 25.58 186.18
07-Oct-15 25.66 186.10
14-Oct-15 25.77 185.99
21-Oct-15 25.87 185.89
28-Oct-15 26.03 185.73
04-Nov-15 26.15 185.61
24-Nov-15 26.55 185.21
01-Dec-15 26.74 185.02
08-Dec-15 26.85 184.91
22-Dec-15 27.18 184.58
21-Jan-16 27.51 184.25
23-Feb-16 27.54 184.22
22-Mar-16 27.26 184.50

bgs = below ground surface
msl = mean sea level
TOC = top of casing

501
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Table 3. Ground water Analytical  Results
Closed Lincoln Landfill
1120 Virginiatown Road, Lincoln, California

Sample ID
Total Dissovled Sol ids

(mg/L)
Sample Date MD SS1 SS2 SS3 SS4

30-Sep-15 NS 423 444 NS NS NC
07-Oct-15 NS 349 344 992 1,430 350
24-Nov-15 NS 280 332 NS NS 310
22-Dec-15 NS 274 328 NS 1,220 439
21-Jan-16 NS 296 320 NS 1,000 446
23-Feb-16 NS 290 322 NS 1,170 509
22-Mar-16 NS 309 319 NS 1,150 532

Total dissolved solids analyzed using SM 2540C
mg/L = milligrams per liter
MD = manifold discharge
NS = not sampled
NC = not calculated

Flow  Weight ed 
Average TDS 

(mg/L)
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